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OF AN ANALOG OF CAMPTOTHECIN
by
MICHAEL J .  KANE
The s y n t h e s i s  o f  a 2 - h a lo -3 - h a lo m e th y lq u in o l in e  
w h ich  i s  a  n e c e s s a r y  i n t e r m e d i a t e  f o r  t h e  p roposed  s y n th e s i s  
o f  c a m p to th e c in  h a s  been  a c h ie v e d  s t a r t i n g  from i s a t i n  ( 2 2 ) .  
A more econom ic s y n t h e s i s  o f  a  c h lo r o  D and E r in g  a n a lo g  
o f  c a m p to th e c in  h a s  a l s o  been a c h ie v e d  by f o l lo w in g  th e  
o r i g i n a l  work o f  B r i s t o l .  The p h o to c y c lo d e h y d ro h a lo g e n a t io n  
o f  l - ( o - c h l o r o b e n z y l ) p y r id i n i u m  s a l t s  and l - ( 2 - h a l o - 3 -  
q u in o ly lm e th y l ) p y r id in iu m  s a l t s  was s t u d i e d .  In  t h e  fo rm er  
c a s e  th e  c y c l i z a t i o n  proceeded a s  e x p e c te d ;  how ever, i n  th e  
l a t e r  c a s e ,  o n ly  q u in o lo n e  f o rm a t io n  was o b se rv e d .  The 
s y n t h e s i s  o f  an  a n a lo g  o f  c a m p to th e c in  was a cco m p lish e d  by 
t r e a t i n g  th e  2 - c h l o r o  D and E r i n g  a n a lo g  46 w i th  2-brom o- 
m e th y ln a p h th a le n e  (56) and sodium  io d id e  t o  g iv e  a  2 - io d o  
p y r id in iu m  io d id e  s a l t  57. w h ich  was o x id iz e d  t o  th e  p y r id o n e  
w i t h  DMSO t o  a f f o r d  t h e  a n a lo g  o f  c a m p to th e c in  5 9 .
SECTION I  
INTRODUCTION
C am p to th ec in  ^ 1 ) ,  an  a l k a l o i d  from th e  s p e c i e s  
O am pto theca  a c u m in a ta , was f i r s t  i s o l a t e d  i n  1966 by M. E.
HO
1
E v id en ce  f o r  t h e  s t r u c t u r e  (1) was s u p p l i e d  by m ass ,  
i n f r a r e d ,  u l t r a v i o l e t ,  and n u c l e a r  m a g n e t ic  re so n a n c e  s p e c ­
t r a l  d a t a ,  and x - r a y  a n a l y s i s  and c h e m ic a l  c o n v e r s io n s .  The
num bering  sy s tem  a d o p te d  f o r  c a m p to th e c in  and i t s  a n a lo g s
2
was s u g g e s te d  by Shamma and i s  shown i n  s t r u c t u r e s  ( l a )  
and ( l b ) .
S ubseq u en t b i o l o g i c a l  t e s t i n g  o f  c a m p to th e c in  and
3
some o f  i t s  a n a lo g s  ( l a )  and ( l b ) showed s i g n i f i c a n t  a c t i v ­
i t y  a g a i n s t  lymphoid leu k em ia  L-1210 and W alker c a r c i n o ­
sarcom a 256 a s  w e l l  a s  P-388 and P -1 5 3 4 ,  two o t h e r  ty p e s  o f
4 5 6leu k em ia  s y s te m s . ’ * F o llo w in g  th e  d i s c o v e r y  o f  t h e  h ig h  
b i o l o g i c a l  a c t i v i t y  o f  c a m p to th e c in ,  many r e s e a r c h  g ro u p s  
s t a r t e d  s tu d y in g  th e  t o t a l  s y n t h e s i s  b ecau se  o f  th e  l i m i t e d  
a v a i l a b i l i t y  o f  t h e  n a t u r a l  c a m p to th e c in  due t o  t h e  few 
number o f  c am p to th eca  a c u m in a ta  t r e e s  in  t h e  U n ited  S t a t e s .  
T h e re  have been  e i g h t  t o t a l  s y n th e s e s  r e p o r t e d  s in c e  t h i s  
s tu d y  b e g a n .^  ^
2C am pto thec in  s u rv iv e d  i n i t i a l  s c r e e n in g  i n  r a t s  and 
m ic e ,  and a  v a r i e t y  o f  p r e l im in a r y  and advanced pharm aco log ­
i c a l  s c r e e n in g  i n  dogs and monkeys. In  1970 th e  f i r s t  t e s t  
d a t a  i n  humans became a v a i l a b l e .  The r e s u l t s  showed t h a t  
c a m p to th e c in  was a c t i v e  a g a i n s t  c a n c e r  o f  th e  i n t e s t i n e  and 
r e c tu m . Out o f  n in e  p a t i e n t s  w i th  i n t e s t i n a l  and r e c t a l  
c a n c e r ,  f o u r  had tumor r e d u c t i o n s  o f  more th a n  50%, f o u r  had
tum or r e d u c t i o n s  o f  25-50%, and one p a t i e n t  showed no im-
15 16provem en t.  The m ost r e c e n t  in fo r m a t io n  a v a i l a b l e  shows
c a m p to th e c in  t o  cause  r e v e r s i b l e  le u k o p e n ia  as  th e  m ajo r  
d o s e - l i m i t i n g  t o x i c  e f f e c t .  S ince  i t  a p p e a rs  t h a t  th e  u se  
o f  c a m p to th e c in  i t s e l f  w i l l  be o f  l i m i t e d  v a l u e ,  th e  sy n ­
t h e s i s  o f  a n a lo g s  o f  c a m p to th e c in  i s  o f  g r e a t e r  im p o r ta n c e .
I t  was d e te rm in e d  t h a t  th e  a -h y d ro x y  la c to n e  was 
n e c e s s a r y  f o r  a c t i v i t y .  I f  t h e  a -h y d ro x y  group  was r e ­
p la c e d  by a n o th e r  f u n c t i o n a l  group su ch  as an a c e to x y ,
h a lo g e n  o r  h y d ro g en ,  t h e r e  was com ple te  l o s s  o f  a n t i c a n c e r  
6a c t i v i t y .  I t  would t h e r e f o r e  f o l lo w  t h a t  any a n a lo g s  o f  
c a m p to th e c in  t h a t  would be l i k e l y  t o  show a c t i v i t y  would 
c o n t a i n  th e  a -h y d ro x y  l a c to n e  s t r u c t u r e .
l a  R = OH 




The g o a l  a t  th e  b e g in n in g  o f  t h i s  work was th e  sy n ­
t h e s i s  o f  c a m p to th e c in  and th e  developm ent o f  a  s y n t h e t i c
r o u te  t o  a n a lo g s .  As th e  p o s s i b i l i t y  o f  th e  t o x i c  p r o p e r t i e s
16o f  c a m p to th e c in  became more e v id e n t  , t h e  em phasis  o f  t h i s
3r e s e a r c h  was s h i f t e d  tow ard th e  s y n t h e s i s  o f  s t r u c t u r e s  
a n a lo g o u s  t o  c a m p to th e c in  i n  an e f f o r t  t o  o b ta in  compounds 
w h ich  m a in ta in e d  th e  a n t i c a n c e r  e f f e c t s  w i th o u t  a l s o  h av in g  
t h e  t o x i c  p r o p e r t i e s .
The s y n t h e t i c  p ro c e d u re  p roposed  f o r  t h i s  r e s e a r c h  
i s  shown in  Scheme I .  I t  d i f f e r s  from a l l  th e  o t h e r  sy n ­
t h e s e s  r e p o r t e d  i n  t h a t  th e  C r i n g  was t o  be formed l a s t .  
O th e r  p ro c e d u re s  s t a r t e d  w i th  th e  q u i n o l i n e  A and B r in g  
and b u i l t  t h e  m o le c u le  by fo rm ing  th e  C r i n g ,  th e n  th e  D 
and f i n a l l y  th e  l a c to n e  r i n g  E. F o r  th e  a p p ro a c h  d e s c r ib e d  
i n  t h i s  t h e s i s  t h e  two i n t e r m e d i a t e s  t o  be s y n th e s i z e d  were 
th e  d i h a l o q u i n o l i n e  A and B r in g  (4) and th e  p y r i d i n e - l a c t o n e  
D and E r in g  (2_) 'o r  (3) . The co m b in a t io n  o f  th e  two f r a g ­
m en ts  t o  form th e  C r in g  c o u ld  be acco m p lish e d  by form ing  
one bond in  t h e  p r e p a r a t i o n  o f  th e  q u a t e r n a r y  p y r id in iu m  
s a l t  and th e  second  bond by p h o to c y c lo d e h y d ro h a lo g e n a t io n .
A co m p le te  s y n t h e s i s  o f  c a m p to th e c in  would r e s u l t  p r o v id in g  
t h a t  th e  p r o p e r  a - s u b s t i t u e n t  was p r e s e n t  in  th e  D and E 
r i n g  (Y=OH). T h is  p a r t i c u l a r  a p p ro a c h  a l s o  p ro v id e d  a  n o v e l  
r o u t e  f o r  t h e  p r e p a r a t i o n  o f  c a m p to th e c in  a n a lo g s  i n  w hich  
th e  A and B r i n g s  c o u ld  be v a r i e d .
The p r e p a r a t i o n  o f  t h e  i n t e r m e d i a t e  (4) f o r  th e  
s y n t h e s i s  o f  c a m p to th e c in  was acco m p lish e d  by two d i f f e r e n t  
p r o c e d u r e s .  T hese  a r e  d i s c u s s e d  i n  S e c t io n  I I .  The s tu d y  
o f  th e  p h o to c y c lo d e h y d ro h a lo g e n a t io n  o f  m odel sy s tem s w i l l  
be d e s c r i b e d ,  and im provem ents i n  t h e  s y n t h e t i c  scheme r e ­
p o r te d  by B r i s t o l ^  f o r  th e  D and E r i n g  f rag m en t w i l l  be 
b r i e f l y  d i s c u s s e d .  The u s e  o f  t h i s  m odel r o u te  f o r  th e  
p r e p a r a t i o n  o f  a  n a p h th y l  a n a lo g  o f  C - s e c o -c a m p to th e c in  w i l l  
be d e s c r i b e d .  T h is  t h e s i s  w i l l  a l s o  d e s c r i b e  a  n o v e l  o x id a ­
t i o n  d i s c o v e r e d  i n  th e  p r e p a r a t i o n  o f  t h i s  n a p h th y l  a n a lo g ,  
and th e  s tu d y  o f  an a l t e r n a t e  r o u te  f o r  f o rm a t io n  o f  th e  
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5SECTION I I  
RESULTS AND DISCUSSION
A. P r e p a r a t i o n  o f  th e  2 - h a I o - 3 - h a I o m e th y lq u in o l in e
The s y n t h e s i s  o f  th e  2 - h a lo - 3 - h a lo m e th y lq u in o l in e  
r e q u i r e d  f o r  th e  A and B r i n g s  o f  c a m p to th e c in  c o u ld  u t i l i z e  
a  3 - m e th y lq u in o l in e  o r  a  3 - q u in o l i n e  c a r b o x y l i c  a c id  d e r i v a ­
t i v e  as  an i n t e r m e d i a t e .  The fo rm er  compound c o u ld  be c o n ­
v e r t e d  t o  4 by b e n z y l i c  b r o m in a t io n ,  o r  th e  l a t e r  compound 
c o u ld  be red u ced  t o  an  h y d ro x y m e th y lq u in o l in e  w hich  th e n  
c o u ld  be c o n v e r te d  to  4 by hydrobrom ic  a c id  o r  phosp h o ru s  
t r i b r o m i d e .  Both a p p ro a c h e s  w ere i n v e s t i g a t e d .
The p r e p a r a t i o n  o f  d e r i v a t i v e s  o f  q u i n o l i n e - 3 -  
c a rb o x y o ic  a c id  r e q u i r e d  a c o n v e n ie n t  method o f  p r e p a r in g
18 19o - n i t r o b e n z a l d e h y d e . None o f  th e  l i t e r a t u r e  p r e p a r a t i o n s  *
gave  a  s u f f i c i e n t l y  h ig h  y i e l d  t o  e n a b le  an e c o n o m ica l  l a r g e -
s c a l e  p r e p a r a t i o n .  A n o v e l  s y n t h e t i c  a p p ro a c h  u t i l i z i n g  a
20R e i s s e r t  compound as  an in t e r m e d i a t e  (Scheme I I )  was 
a t t e m p te d .  The a d d i t i o n  o f  o - n i t r o b e n z o y l  c h l o r i d e ,  formed 
by t r e a t i n g  o - n i t r o b e n z o i c  a c id  w i th  t h i o n y l  c h l o r i d e ,  t o  a  
s o l u t i o n  o f  p o ta s s iu m  c y a n id e  and q u in o l in e  gave th e  R e i s s e r t  
compound (18) i n  607, y i e l d .  T r e a t i n g  18 w i th  s u l f u r i c  a c id  
a t  r e f l u x  t e m p e r a tu re s  f o r  t h r e e  h o u rs  gave none o f  th e  
d e s i r e d  p r o d u c t ;  how ever, when th e  R e i s s e r t  compound was 
t r e a t e d  w i th  c o n c e n t r a t e d  h y d r o c h lo r i c  a c id  f o r  t h i r t y  m in u te s  
on a  steam  b a t h ,  o - n i t r o b e n z a ld e h y d e  was o b ta in e d  i n  79% 
y i e l d .
The f i r s t  a p p ro a c h  t o  th e  s y n th e s i s  o f  4 was to  form
a 3 - q u in o l i n e  c a r b o x y l i c  a c id  d e r i v a t i v e  by a  m o d if ie d





7from  o - n i t r o b e n z a ld e h y d e  th e n  sh o u ld  c y c l i z e  t o  a q u in o l in e  
on r e d u c t i o n  o f  t h e  n i t r o  g roup  ( se e  Scheme I I I ) . The r e a c ­
t i o n  o f  o - n i t r o b e n z a ld e h y d e  w i th  d i e t h y l  m a lo n a te  u s in g  
p i p e r i d i n e  as  a  b ase  d id  n o t  a p p e a r  t o  g iv e  a  p r o d u c t ,  how­
e v e r .  The m a t e r i a l  t h a t  was i s o l a t e d  showed an i n f r a r e d  
sp ec tru m  a lm o s t  i d e n t i c a l  t o  t h a t  o f  d i e t h y l  m a lo n a te  and 
t h e  m ix tu re  a l s o  gave a  p o s i t i v e  2 ,4 - d in i t r o p h e n y l h y d r a z i n e  
t e s t .  A second r e a c t i o n ,  m o n ito re d  by n u c l e a r  m a g n e tic  
re so n a n c e  s p e c t r o s c o p y ,  showed a f t e r  t e n  d a y s ,  a  hydroxy 
s i g n a l  t h a t  d i s a p p e a r e d  on a d d i t i o n  o f  D2O. A p p a re n t ly  th e  
i n t e r m e d i a t e  a l c o h o l  was formed b u t  d id  n o t  d e h y d ra te  t o  th e  
a - p - u n s a t u r a t e d ,  p - a ro m a t ic  d i e s t e r  (7) a s  e x p e c te d .
The c o n d e n s a t io n  o f  o - n i t r o b e n z a ld e h y d e  and cyano- 
22a c e t i c  e s t e r  (Scheme IV) w i th  sodium e th o x id e  gave th e
d e s i r e d  2 - n i t r o b e n z y l i d e n e  e t h y l c y a n o a c e t a t e  (j?) i n  89%
y i e l d .  A lth o u g h  th e  h y d ro g e n a t io n  o f  th e  n i t r o  group went
i n  good y i e l d  i n  some r u n s ,  many r e d u c t io n s  went i n  poor
y i e l d .  A p p a r e n t ly ,  th e  r e a s o n  f o r  t h i s  i n c o n s i s t e n c y  was
23th e  f o rm a t io n  o f  th e  c o r re s p o n d in g  N -ox ide  ( 1 2 ) . C o u t ts  
h a s  r e p o r t e d  t h a t  th e  r e d u c t i o n  o f  a  n i t r o  sy s te m , l i k e  t h a t  
i n  9_ w i t h  5% Pd/C gave th e  c y c l i c  N -o x id e .  The p re se n c e  o f  
t h e  N -ox ide  ( 1 2 ) ,  w hich  h as  a  m e l t in g  p o in t  o n ly  t e n  d e g re e s  
h i g h e r  th a n  t h e  b a s e ,  may have cau sed  th e  d i f f i c u l t i e s  i n  
t h e  r e d u c t i o n  s t e p  w i th  l i t h i u m  aluminum h y d r id e ,  f o r  th e  
p u r i t y  o f  th e  amino e s t e r  (10) c o u ld  n o t  be e a s i l y  d e te rm in e d .
The r e d u c t i o n  o f  th e  3 - c a rb o x y l  g roup  o f  _10 t o  th e  
h y droxym ethy l s u b s t i t u e n t  was a t te m p te d  w i th  l i t h i u m  aluminum 
h y d r id e ;  how ever, th e  i s o l a t i o n  o f  t h e  p ro d u c t  was v e ry  
d i f f i c u l t .  The maximum y i e l d  o b ta in e d  was 50% p e rh a p s  due 
t o  th e  p re s e n c e  o f  th e  N -ox ide  (12) w hich  would g iv e  a 
h i g h l y  w a te r  s o lu b l e  p r o d u c t ,  an h y d ro x y -a m in o -N -o x id e .
SCHEME I I I
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I n  s p i t e  o f  t h e s e  d i f f i c u l t i e s  s u f f i c i e n t  q u a n t i t i e s  o f  th e
2 -a m in o -3 -h y d ro x y m e th y lq u in o l in e  w ere o b ta in e d  t o  s tu d y  th e  
c o n v e r s io n  t o  t h e  d i h a l o q u i n o l i n e  (13) .
Diazo t i z a t i o n  o f  JL0 was a t te m p te d  and a g a in  d i f f i ­
c u l t i e s  were e n c o u n te r e d .  The m a t e r i a l  i s o l a t e d  was o r i g i ­
n a l l y  b e l i e v e d  t o  be t h e  d ib ro m o q u in o l in e  13; how ever, a 
r e i n v e s t i g a t i o n  o f  th e  r e a c t i o n  showed t h a t  th e  s u b s t i t u t i o n  
o f  t h e  brom ine f o r  th e  h y d ro x y l  g roup  had n o t  o c c u r re d  and 
t h a t  th e  m a t e r i a l  i s o l a t e d  may be a s a l t .
Due t o  th e  d i f f i c u l t i e s  o f  t h i s  p a r t i c u l a r  a p p ro a c h ,  
i t  was d i s c o n t in u e d  i n  f a v o r  o f  an  a p p ro a c h  u s in g  3 -m e th y l ­
q u i n o l i n e  a s  an i n t e r m e d i a t e  ( se e  Scheme V ) . The c o n d e n sa ­
t i o n  o f  o - n i t r o b e n z a ld e h y d e  and f r e s h l y  d i s t i l l e d  p r o p io n a l -
25dehyde w i th  p i p e r i d i n e  gave a good y i e l d  o f  c ru d e  p ro d u c t  
( 1 4 ) .  R e d u c tio n  o f  t h e  n i t r o  g roup  o f  14 sh o u ld  g iv e  c y c l i -  
z a t i o n  to  a f f o r d  3 - m e th y lq u in o l in e  ( 1 5 ) . When th e  r e d u c t i o n  
was a t te m p te d  w i t h  s ta n n o u s  c h l o r i d e  and h y d r o c h lo r i c  a c i d ,  
c ru d e  3 - m e th y lq u in o l in e  was o b ta in e d  w i th  d i f f i c u l t y  f o r  th e  
l a r g e  amounts o f  s ta n n o u s  h y d ro x id e  w hich  p r e c i p i t a t e d  
h in d e r e d  th e  e x t r a c t i o n  o f  JL5. The d i s t i l l a t i o n  o f  th e  
c ru d e  p ro d u c t  o f t e n  r e s u l t e d  in  low y i e l d s  o f  p u r i f i e d  15_ 
p o s s i b l y  due t o  th e  d e c o m p o s i t io n  o f  some u n red u ced  n i t r o  
compound s t i l l  p r e s e n t  i n  th e  c ru d e  m a t e r i a l .  Because o f  
t h e  d i f f i c u l t i e s  i n  o b t a i n i n g  a  h ig h  y i e l d  o f  p u r i f i e d  3- 
m e th y lq u in o l in e  (15) by t h i s  p ro c e d u re ,  a n o th e r  method o f  
p r e p a r i n g  3 - m e th y lq u in o l in e  (15) was s t u d i e d .
T he re  i s  v e ry  l i t t l e  in fo r m a t io n  i n  th e  l i t e r a t u r e  
c o n c e rn in g  th e  s y n t h e s i s  o f  3 - m e th y lq u in o l in e  and i t s  
d e r i v a t i v e s .  The most o f t e n  u sed  s y n th e s i s  i s  a  Skraup
O fi
r e a c t i o n  o r  a  m o d i f i c a t i o n  o f  i t .  Because o f  th e  norm­
a l l y  low y i e l d s  o f  t h i s  p r o c e d u re ,  i t  was n o t  s tu d i e d  





t o l e r a t e d  i f  t h e  3 - m e th y lq u in o l in e  o b ta in e d  was p u re .
The a p p ro a c h  s tu d i e d  was a  m o d if ie d  Skraup r e a c t i o n
26u s in g  a - m e t h y la c r o l e i n  and a n i l i n e  ( se e  Scheme V I ) . a -
M e th y la c r o le in  was made i n  987, y i e l d  when f r e s h l y  d i s t i l l e d
p r o p io n a ld e h y d e , 37%, f o r m a l in  s o l u t i o n  and d im eth y lam in e
27h y d r o c h lo r id e  were h e a te d  a t  60° f o r  f i v e  h o u r s .  T r e a t ­
m ent o f  a - m e t h y la c r o l e i n  w i t h  a n i l i n e  i n  a  t y p i c a l  Skraup 
r e a c t i o n  u s in g  s u l f u r i c  a c id  and o - n i t r o p h e n o l  gave a  50% 
y i e l d  o f  15 a f t e r  one d i s t i l l a t i o n .  A lth o u g h  t h i s  was a  
c o n v e n ie n t  s y n t h e s i s  t h a t  in v o lv e d  o n ly  two s t e p s  t o  p r e ­
p a re  th e  s team  d i s t i l l a t i o n  o f  13 o f t e n  to o k  as  long  
a s  one week and th e  maximum y i e l d  o b ta in e d  f o r  t h i s  s te p  
was 507o. T h e r e f o r e ,  a n o th e r  b e t t e r  s y n t h e s i s  o f  3 -m e th y l ­
q u i n o l i n e  was n e e d e d .
28R ecen t work by Giam has  shown t h a t  a d d i t i o n  o f  
p h e n y l l i t h iu m  to  p y r id i n e  g iv e s  a  d ih y d r o p y r id in e  a n io n ,  
w h ich  can  be i s o l a t e d ,  and r e a c t e d  w i t h  m e th y l  io d id e  o r  
o t h e r  h a l i d e s  to  g iv e  2 , 5 - s u b s t i t u t e d  p y r i d i n e s  in  good 
y i e l d .  T h is  s u g g e s te d  t h a t  t h e  a n io n  o f  th e  d ih y d ro
29 30q u i n o l i n e ,  formed by th e  B irc h  r e d u c t i o n  o f  q u i n o l i n e  ’ 
m ig h t  be a l k y l a t e d  w i th  m e th y l  io d id e  to  g iv e  th e  d e s i r e d
3 - m e th y lq u in o l in e  (15) ( s e e  A b e lo w ) . The B i r c h  r e d u c t i o n  
o f  q u i n o l i n e  (21) w i th  e i t h e r  sodium o r  l i t h i u m  and ammonia 
h a s  been  r e p o r t e d  t o  g iv e  d ih y d ro  q u i n o l i n e ;  how ever, 
a t t e m p te d  a l k y l a t i o n  o f  t h e  r e d u c t i o n  m ix tu re  w i th  m e th y l  
i o d id e  gave a s  t h e  m a jo r  p ro d u c t  q u i n o l i n e .  Nmr a n a l y s i s  
d i d  show a m e th y l  s i g n a l  w hich  was a s s ig n e d  t o  a  v e r y  sm a ll  














The b ro m in a t io n  o f  3 - m e th y lq u in o l in e  (15) w i th  N-
b ro m o su cc in im id e  was u n s u c c e s s f u l  a p p a r e n t l y  f o r  th e  same
31re a s o n  t h a t  p - p i c o l i n e  co u ld  n o t  be h a l o g e n a t e d . By
i n t r o d u c t i o n  o f  th e  2 -h a lo g e n  group on 15_ f i r s t ,  t h e  h a lo -
g e n a t io n  c o u ld  be a c c o m p lish e d .  T re a tm e n t  o f  15_ w i th
32hydrogen p e ro x id e  and g l a c i a l  a c e t i c  a c id  gave a  good y i e l d
o f  3 - m e th y lq u in o l in e  N -ox ide  ( 3 6 ) , and when t h i s  was t r e a t e d
33w i t h  pho sp h o ru s  o x y c h lo r id e  , 2 - c h lo r o - 3 - m e th y lq u in o l in e
34(26) was o b t a i n e d . B e n z y l ic  b ro m in a t io n  o f  26 w i th  N-
b ro m o su cc in im id e  gave th e  d e s i r e d  d i h a l o q u i n o l i n e  (29) in
e x c e l l e n t  o v e r a l l  y i e l d  from  3 - m e th y lq u in o l in e  ( s e e  Scheme V)
A b e t t e r  s y n th e s i s  o f  2 - h a lo - 3 - h a lo m e th y lq u in o l in e
31was o b ta in e d  s t a r t i n g  w i th  i s a t i n .  (Scheme V I I ) .  When 
i s a t i n  (2 2 ) was t r e a t e d  w i t h  p r o p io n ic  a n h y d r id e  an 81% 
y i e l d  o f  1 - p r o p io n y l  i s a t i n  (23) was o b ta in e d .  T re a tm e n t  
o f  23 w i th  b ase  gave r i n g  o p en in g  fo l lo w e d  by r i n g  c l o s u r e  





y i e l d .  Unchanged i s a t i n  (22) can be re c o v e re d  by a c i d i f y ­
in g  th e  f i l t r a t e  t o  g iv e  an  o v e r a l l  y i e l d ,  b ased  on consumed 
i s a t i n ,  o f  81%.
The 4 - q u in o l in e  c a r b o x y l i c  a c id  24 was d e c a r b o x y la te d
35by h e a t in g  w i th  co p p er  powder and q u in o l in e  a l th o u g h  h e a t -
in g  24 n e a t  f a i l e d  to  g iv e  t h e  d e c a r b o x y la te d  p r o d u c t .  The
2 - c h lo r o  o r  2 -b ro m o -3 -m e th y lq u in o l in e  (26) o r  (27) was
e a s i l y  p r e p a re d  by t r e a t i n g  25  w i th  e i t h e r  phosphorus  oxy-
33c h l o r i d e  o r  phosphorus  oxybromide i n  88 and 83% y i e l d s ,
r e s p e c t i v e l y .  The b ro m in a t io n  o f  t h e  m e th y l  g roup  was
acco m p lish e d  i n  h ig h  y i e l d s  by t r e a t i n g  26 o r  2J_ w i t h  N- 
34brom o su cc in im id e  in  d ry  c a rb o n  t e t r a c h l o r i d e .
The 2 - io d o - 3 - m e th y lq u in o l in e  (28) was p re p a re d  from
36th e  2 - c h lo r o  compound (26) by h a lo g e n  exchange i n  m e th y l  
e t h y l  k e to n e  and sodium io d id e  in  60% y i e l d .  The b ro m in a t io n  
o f  th e  m e th y l  g roup  o f  2j5 c o u ld  a l s o  be e f f e c t e d  w i th  N- 
b rom osucc in im ide  i n  good y i e l d .
B. S y n th e s i s  o f  a  D and E Ring Analog
The t o t a l  s y n th e s i s  o f  a D and E r i n g  a n a lo g ,  was
a c c o m p lish e d  by James B r i s t o l  i n  o u r  l a b o r a t o r i e s . ^  I t
in v o lv e d  a  n i n e - s t e p  sequence  s t a r t i n g  from  p - p ic o l in e - N -
o x id e  (37) w i th  an  o v e r a l l  y i e l d  o f  a b o u t  5%. (Scheme V I I I ) .
I n  o r d e r  t o  p ro v id e  enough o f  t h i s  a n a lo g  f o r  t e s t i n g  and
f o r  th e  p r e p a r a t i o n  o f  s y n t h e t i c  a n a lo g s  o f  c a m p to th e c in ,
i t  was n e c e s s a r y  t o  r e p e a t  t h i s  s y n t h e s i s .  Thus some s tu d y
and improvement o f  th e  s t e p s  were a c c o m p l ish e d .
F o llo w in g  th e  work o f  B r i s t o l ,  4 - n i t r o - p - p i c o l i n e -
N -ox ide  (38) was p re p a re d  from p - p i c o l i n e  N -ox ide  (37) and
t h i s  was c o n v e r te d  to  t h e  4 -b ro m o -(3 -p ic o l in e  N -ox ide  (39)
37i n  81% y i e l d  by t r e a tm e n t  w i th  40% hydrobrom ic  a c i d .  The













































p ro v id e d  a  c h eap e r  and more c o n v e n ie n t  means o f  p r e p a r in g  
3 9 , e s p e c i a l l y  i n  l a r g e  q u a n t i t i e s .
The r e d u c t i o n  o f  th e  N -o x id e  3£ t o  t h e  b ase  w i th
hydrogen  and Raney n i c k e l  was a c c o m p lish e d  f o l lo w in g  th e
17p ro c e d u re s  p r e v i o u s l y  d e v e lo p e d .  P r e p a r a t i o n  o f  e t h y l  
2 - h y d r o x y - 2 - (3 ’ - m e th y l - 4 1- p y r i d y l ) b u t y r a t e  (41) by t r e a t i n g  
4 - b r o m o - p - p ic o l in e  h y d r o c h lo r id e  (40) f i r s t  w i th  p o ta s s iu m  
c a rb o n a te ,  n - b u t y l  l i t h i u m  and th e n  w i t h  e t h y l  a - k e t o b u t y r a t e  
gave  th e  d e s i r e d  compound i n  51% y i e l d .  C o n v e rs io n  o f  41 
t o  th e  N -o x id e  (42) was a c c o m p lish e d  i n  q u a n t i t a t i v e  y i e l d  
by t r e a t m e n t  w i t h  40% p e r a c e t i c  a c i d . The u s e  o f  p e r a c e t i c  
a c id  n o t  o n ly  im proved th e  y i e l d  o f  th e  p r e v io u s  p ro c e d u re ,  
b u t  a l s o  was a c h e a p e r  r e a g e n t  th a n  u s in g  m -c h lo ro p e rb e n z o ic  
a c i d .  C o n v e rs io n  o f  th e  N -o x id e  (4 2 ) t o  t h e  2 -  and 6 - c h lo r o  
m ix tu r e  (43) was c a r r i e d  o u t  i n  98% y i e l d  w i th  p h osphorus  
o x y c h l o r i d e . ^  B e n z y l ic  b ro m in a t io n  o f  th e  3 -m e th y l  s u b s t i t ­
u e n t  o f  43 w i th  N -b rom osucc in im ide  gave a  92.5% y i e l d  o f  th e  
brom om ethyl m ix tu re  ( 4 4 ) ,  and t r e a t m e n t  o f  44 w i t h  p o ta s s iu m  
a c e t a t e  and a c e t i c  a c id  gave  th e  d e s i r e d  a c e to x y m e th y l  
d e r i v a t i v e  (45) i n  87% y i e l d  f o l lo w in g  th e  p r o c e d u re s  p r e ­
v i o u s l y  d e s c r i b e d . ^
The c o n v e r s io n  o f  th e  a c e to x y m e th y l  m ix tu re  (45) t o
th e  2 - c h l o r o  D and E r i n g  a n a lo g  (46) was a cco m p lish e d  i n
34% y i e l d  by b a s i c  h y d r o l y s i s .  A l th o u g h  th e  o v e r a l l  y i e l d
17was 5.6%, a b o u t  th e  same a s  t h a t  r e p o r t e d  by B r i s t o l  , u se  
o f  d i f f e r e n t  r e a g e n t s  i n  s e v e r a l  s t e p s  d e c r e a s e d  th e  t o t a l  
c o s t  o f  th e  s y n t h e s i s  and s h o r te n e d  th e  t im e  r e q u i r e d  f o r  th e  
s y n t h e s i s .
H y d r o ly s i s  o f  th e  a c e to x y m e th y l  compound (45) i n  
6 - N -h y d r o c h lo r i c  a c id  gave a  m ix tu re  o f  p r o d u c ts  a s  d e t e r ­
m ined by nmr a n a l y s i s .  E x t r a c t i o n  o f  th e  c ru d e  o i l l y  
r e s i d u e  re m a in in g  a f t e r  e v a p o r a t i o n  o f  t h e  a c i d i c  s o l v e n t ,
20
w i t h  hexane and p e t ro le u m  e t h e r  gave a  sm a l l  amount o f  th e  
6 - c h l o r o  D and E r in g  a n a lo g  as  w e l l  a s  th e  2 - c h lo r o  com­
pound and a  s m a l l  amount o f  a  p y r id o n e . T h is  m ix tu re  c o r r e ­
sponded t o  a  47% c o n v e r s io n  o f  th e  a c e to x y m e th y l  compound to  
a  m ix tu re  o f  l a c t o n e s .
The a c id  h y d r o ly s i s  o f  45 may be a  b e t t e r  way t o  form 
th e  l a c t o n e  b e c a u s e ,  a p p a r e n t l y ,  i n  b ase  t h e  6 - c h lo r o  d e r i v ­
a t i v e  (47) i s  c o n v e r te d  t o  th e  p y r id o n e  (49) w hich  i s  l o s t  
i n  th e  aqueous l a y e r  on workup. W ith  b a s i c  h y d r o ly s i s  th e  
maximum o b t a i n a b l e  y i e l d  o f  46 i s  50% p ro v id e d  a l l  o f  th e  2 -  
c h lo r o  d e r i v a t i v e  (4 6 ) can  be i s o l a t e d ,  f o r  t h e  m ix tu re  o f
2 -  and 6 - c h lo r o  p y r id in e  compound 4v5 h a s  been  shown t o  be 
a b o u t  50% o f  e a c h  iso m e r .  To d a t e  t h e  b e s t  y i e l d  o f  46 I 
o b ta in e d  i n  t h i s  r e a c t i o n  h as  been 34%.
The im p o rta n c e  i n  b e in g  a b le  to  i s o l a t e  th e  6 - c h lo r o  
D and E r in g  a n a lo g  (47) a s  w e l l  a s  t h e  2 - c h l o r o  iso m er i s  
e v i d e n t  from th e  p o s s i b l e  u s e  o f  t h i s  isom er i n  th e  sy n ­
t h e s i s  o f  c a m p to th e c in  a n a lo g s .  The 6 - c h lo r o  iso m e r ,  f o r  
ex am p le ,  c o u ld  le a d  t o  th e  p o s t u l a t e d  b i o s y n t h e t i c  p r e -
g
c u s o r  o f  c a m p to th e c in  a s  w e l l  as  c a m p to th e c in  i t s e l f  as  
s een  i n  Scheme IX. The a c id  h y d r o ly s i s  method f o r  fo rm ing  
th e  l a c to n e  seemed th e  b e s t  r o u te  t o  th e  r e c o v e ry  o f  th e
6 - c h l o r o  iso m er  o r  i t s  d e r i v a t i v e s .
I t  sh o u ld  be n o te d  t h a t  a l th o u g h  some p y r id o n e  was
form ed by th e  a c id  h y d r o ly s i s  o f  th e  a c e t a t e ,  a l l  a t t e m p ts
t o  form  th e  p y r id o n e  by s ta n d a r d  p ro c e d u re s  from  th e  c h lo r o
compound (46) f a i l e d .  T re a tm e n t  o f  46 w i th  e i t h e r  a c id  o r
39b ase  gave none o f  th e  d e s i r e d  p y r id o n e .  T re a tm e n t  o f  46 
w i t h  sodium e th o x id e  gave none o f  t h e  e x p e c te d  2 -e th o x y  
compound ( 5 4 ) At t e mpt s  t o  p r e p a re  th e  p y r id o n e  a t  an 
e a r l i e r  s t a g e  i n  th e  s y n th e s i s  by t r e a t i n g  th e  N -ox ide  (42) 










(55) a s  e v id e n c e d  by no change in  t h e  u l t r a v i o l e t  sp ec tru m .
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P h o t o l y s i s  o f  a  d i l u t e  s o l u t i o n  o f  46 i n  c o n c e n t r a ­
t e d  HC1 was m o n ito re d  by th e  change i n  u l t r a v i o l e t  a b s o r p t i o n .  
C o n c e n tr a te d  h y d r o c h lo r i c  a c id  was u sed  in  o r d e r  t o  p r e v e n t  
d i m e r i z a t i o n  o f  th e  2 - p y r id o n e  as  i t  was form ed, f o r  2 -
p y r id o n e s  and 2 -a m in o p y r id in e s  a r e  r e p o r t e d  t o  d im e r iz e
41when p h o to ly z e d . I t  was hoped t h a t  t h e  h y d r o c h lo r i c  a c id  
would p r o to n a te  t h e  p y r id o n e  as  soon a s  i t  was formed and 
th u s  p r e v e n t  d i m e r i z a t i o n .  C o n v e rs io n  t o  th e  d e s i r e d  p y r i ­
done d id  o c c u r  as  e v id e n c e d  by th e  change in  th e  u l t r a v i o l e t
H 0s p e c tru m , f o r  th e  a b s o r p t io n  o f  46 , 270 nm, was re-
II /-, UK*"
placed by bands a t  A 2 300, 265 and 223 nm after 30 min,
*  J  max
The band a t  300 nm i s  e v id e n c e  o f  p y r id o n e  f o rm a t io n .
42C . P r e p a r a t i o n  o f  an Analog o f  C am pto thecin
Because o f  th e  t o x i c  p r o p e r t i e s  o f  c a m p to th e c in  t h a t
were found  i n  t h e  l a t e r  t e s t i n g  p r o c e d u r e s ^  and a l s o  b ecau se
7-14o f  th e  l a r g e  number o f  t o t a l  s y n th e s e s  o f  c a m p to th e c in  , 
work was begun on th e  s y n t h e s i s  o f  a n a lo g s .  The m ost prom­
i s i n g  a n a lo g s  would c o n ta in  th e  known a c t i v e  D and E r i n g
23
b u t  have th e  A and B q u i n o l i n e  r i n g  system  r e p la c e d  by o th e r  
fu s e d  b i c y c l i c  g roups  i n  an e f f o r t  t o  red u ce  t h e  t o x i c i t y .  
The f i r s t  l o g i c a l  a n a lo g  t o  s y n th e s i z e  was th e  n a p h th y l  
a n a lo g ,  i n  w hich  th e  f i r s t  two r i n g s  were no lo n g e r  th e  
q u in o l in e  m o ie ty  b u t  r a t h e r  a  n a p h th a le n e  r i n g .
The s y n th e s i s  o f  a  n a p h th y l  a n a lo g  o f  c a m p to th e c in  
by th e  r o u t e  p roposed  f o r  t h i s  t h e s i s  would r e q u i r e  2 - h a lo -
3 -h a lo m e th y ln a p h th a le n e  a s  a  s t a r t i n g  m a t e r i a l .  The a v a i l ­
a b i l i t y  o f  2 -b ro m o m eth y ln ap h th a len e  le d  t o  th e  i n v e s t i g a t i o n  
o f  th e  s y n t h e s i s  o f  th e  3 - s e c o - a n a lo g  o f  c a m p to th e c in  as  a 
p rob lem , how ever. The r e a c t i o n  o f  a l k y l  h a l i d e s  w i th  th e  
2 - c h l o r o  D and E r i n g  a n a lo g  was shown t o  be v e ry  d i f f i c u l t  
and so s a l t  fo rm a t io n  betw een  46 and 2 -b ro m o m eth y ln ap h th a ­
le n e  (56) was a t te m p te d  u s in g  a sodium io d id e  c a t a l y s t .  The 
i o d id e  io n  p resum ably  sh o u ld  d i s p l a c e  th e  b e n z y l i c  bromine 
o f  5fj by th e  more r e a c t i v e  io d o  s u b s t i t u e n t  e x p l a i n i n g  th e  
c a t a l y t i c  e f f e c t . The r e a c t i o n  was h e a te d  in  an o i l  b a th  
u n d e r  n i t r o g e n  and i n  30 m in u te s  a  p r e c i p i t a t e ,  shown to  be 
th e  2 - io d o p y r id in iu m  io d id e  ( 5 7 ) ,  r e s u l t e d .  A p p a re n t ly  an 
a ro m a t ic  SN2 d is p la c e m e n t  o f  th e  2 - c h lo r o p y r id in iu m  s a l t  (58) 
a l s o  o c c u r r e d .
The r e a c t i o n  o f  2 -b ro m o m eth y ln ap h th a len e  (56) and 
46 c o u ld  n o t  be c a t a l y z e d  by p o ta s s iu m  io d id e  u n d e r  th e s e
/ Q
c o n d i t i o n s .  P o s s i b l y  th e  s o l u b i l i t i e s  o f  th e  sodium and 
p o ta s s iu m  s a l t s  d i f f e r  s u f f i c i e n t l y  t o  i n t e r f e r e  w i th  th e  
r e a c t i o n .
The i n s o l u b i l i t y  o f  th e  p y r id in iu m  io d id e  57  i n  
c h lo ro fo rm  le d  t o  th e  u s e  o f  d^-DMSO f o r  d e te rm in in g  th e  
nmr sp ec tru m  o f  5_7. I t  was n o te d  t h a t  on s ta n d in g  th e  
s i g n a l s  f o r  th e  re so n a n c e  o f  th e  a ro m a t ic  hydrogens  a t t a c h e d
24
t o  t h e  p y r id in iu m  r i n g  were s h i f t e d  u p f i e l d .  T h is  co u ld
o n ly  r e s u l t  from some s t r u c t u r a l  change w hich  i n c r e a s e d  th e
e l e c t r o n  d e n s i t y  o f  th e  a ro m a t ic  sy s te m . The m ost p ro b a b le
r e a c t i o n  w h ich  c o u ld  a c c o m p lish  t h i s  would be f o rm a t io n  o f
th e  p y r id o n e  from th e  h a l o - p y r i d i n e . E le m e n ta l  a n a ly s e s  o f
th e  compound i s o l a t e d  from th e  DMSO s o l u t i o n  co n f irm ed  t h i s .
The r e a c t i o n  o f  p r im a ry  a l c o h o l s  and h a l i d e s  w i th  DMSO have 
44been  r e p o r t e d  t o  be o x id iz e d  t o  th e  c o r re s p o n d in g  a l d e ­
h y d e s ;  how ever, no r e a c t i o n  o f  DMSO w i t h  a r y l  h a l i d e s  have 
been  m e n t io n e d . D uring  th e  s tu d y  o f  t h i s  r e a c t i o n  a 
com m unication  by H a r r i s  a p p ea red  and d e s c r ib e d  th e  c o n ­
v e r s i o n  o f  4 - h a l o q u in o l i n e s  t o  4 - q u i n o l o n e s . These  c o n ­
v e r s i o n s  may be s im p le  n u c l e o p h i l i c  h y d r o ly s e s  o r  o x i d a t i o n -  
r e d u c t i o n  r e a c t i o n s ;  how ever, th e  r e s u l t s  o f  t h i s  s tu d y ,
S e c t io n  F , and t h a t  o f  H a r r i s  f a v o r s  th e  l a t e r  m echanism .
The e a s e  o f  f o rm a t io n  o f  th e  q u a t e r n a r y  s a l t  o f  46 
and th e  p y r id o n e  s y n th e s i s  w i t h  DMSO c o m p le te s  a  f a c i l e  
s y n t h e t i c  r o u te  t o  a  v a r i e t y  o f  C -seco  c a m p to th e c in  i n  
d e r i v a t i v e s  ( se e  Scheme X ) .
46D . S tudy o f  th e  P h o to c h e m ic a l  C y c l i z a t i o n  o f  Model Compounds
The p h o to c h e m ic a l  c y c l i z a t i o n  by th e  c o u p l in g  o f  
a ro m a t ic  r i n g s  j o in e d  by a c a rb o n  c h a in  h a s  p ro v id e d  a  c o n ­
v e n i e n t  method o f  s y n t h e s i s  o f  such  complex system s as  
h e l i c e n e s ^  a s  w e l l  a s  many ty p e s  o f  n a t u r a l  p r o d u c t s . ^
The c o u p l in g  o f  two a r y l  g ro u p s  a t  u n s u b s t i t u t e d  c a rb o n s  
r e q u i r e s  t h e  p re se n c e  o f  an o x id i z in g  a g e n t  t o  remove th e  
two h y d ro g e n s ,  and th u s  th e  c o u p l in g  i s  f a c i l i t a t e d  by u s in g  
a  h a lo g e n a te d  a r y l  g ro u p  f o r  one o f  th e  r i n g s  t o  be j o i n e d .
These  v a r i a t i o n s  can be i l l u s t r a t e d  w i t h  th e  v a r i o u s  s y n th e -




The u s e  o f  n i t r o g e n  h e t e r o c y c l e s  in  t h e s e  c o u p l in g
49r e a c t i o n s  was d e m o n s tr a te d  by B ra d sh e r  in  1966. He found
t h a t  u n l i k e  2 - a m in o p y r id in e s  and 2 -p y r id o n e s  w hich  form
41d im e rs  on p h o t o l y s i s  , l - b e n z y l - 2 - h a l o p y r i d i n i u m  s a l t s  
formed f l u o r e n e - l i k e  compounds when p h o to ly z e d  in  an aqueous 
s o l u t i o n  u s in g  a  H anovia 450 w a t t  m e rc u ry -a r c  lamp f i t t e d  
w i t h  e i t h e r  a  Corex o r  P yrex  f i l t e r .  The s u c c e s s f u l  p h o to -  
c y c lo d e h y d r o h a lo g e n a t io n  o f  system s su ch  as  i n  60 to  61 
h a v in g  th e  h a lo g e n  i n  t h e  benzene r in g  were a l s o  r e p o r t e d .
I n  o r d e r  t o  t e s t  th e  g e n e r a l i t y  o f  t h i s  r e a c t i o n  t o  sy s tem s 
i n  w hich  b o th  a ro m a t ic  r i n g s  a r e  h e t e r o c y c l i c  and one i s  
p r e s e n t  a s  a q u a t e r n a r y  s a l t ,  i t  was n e c e s s a r y  t o  p r e p a re  a 
s e r i e s  o f  l - ( 2 - h a l o - N - b e n z y l ) p y r i d i n i u m  s a l t s .  A l l  t h e  
s a l t s  (62) were p re p a re d  i n  h ig h  y i e l d  by s t i r r i n g  a m ix ­
t u r e  o f  o - c h lo r o b e n z y lc h lo r id e  and th e  a p p r o p r i a t e  p y r i d i n e ,  
p i c o l i n e  o r  l u t i d i n e  i n  s u l f o l a n e  a t  room te m p e ra tu re  o r  in  
some c a s e s  a t  s l i g h t l y  h ig h e r  t e m p e r a tu re s  u n t i l  t h e  s a l t  
had p r e c i p i t a t e d  from  th e  s o l u t i o n .
A l l  o f  th e  s a l t s  (62) e x h i b i t e d  u l t r a v i o l e t  a b s o r p ­
t i o n  maxima below  280 nm w hich  su g g e s te d  t h a t  p h o t o l y s i s  
u s in g  a  pyrex  f i l t e r  ( c u t - o f f  a t  280 nm) would g iv e  no r e a c ­
t i o n ,  and t h i s  was found to  be e x p e r im e n ta l ly  t r u e .  When 
t h e  p h o to ly s e s  were ru n  w i th  a  Vycor f i l t e r  ( c u t - o f f  a t  240 
nm) th e  r e a c t i o n s  a l l  p ro ced ed  a s  e x p e c te d .
The p h o to ly s e s  were m o n ito re d  by th e  change i n  th e
u l t r a v i o l e t  s p e c t r a  i n  g o in g  from  th e  a c y c l i c  p y r id in iu m
h 2 H 0s a l t s  A ab o u t  260 nm t o  th e  c y c l i c  compounds (63) A 2 max J r  —  max
250 and ab o u t 310 nm. When t h e r e  was no f u r t h e r  change i n  
t h e  u l t r a v i o l e t  s p e c t r a  th e  r e a c t i o n  was assumed to  be 
c o m p le te d .  T h ree  s y m m e tr ic a l  and t h r e e  u n sy m m e tr ic a l  s a l t s  
w ere  p h o to ly z e d  i n  o r d e r  t o  d e te rm in e  i f  t h e r e  was any
27
r e g i o s p e c i f  i c i t y ^  i n  th e  c y c l i z a t i o n .  The r e s u l t s  o f  th e  
c y c l i z a t i o n  o f  t h e s e  compounds can  be seen  i n  T a b le s  I ,  l a ,  
and th e  nmr d a t a  i n  T a b le  I I  and th e  g e n e r a l  r e a c t i o n  in  
Scheme X l.
The p h o to c y c lo d e h y d ro h a lo g e n a t io n  o f  system s such  
a s  t h a t  p ro p o sed  f o r  t h e  s y n t h e s i s  o f  c a m p to th e c in  ( se e  
Scheme I )  c o u ld  le a d  to  two p o s s i b l e  p r o d u c t s .  S ince  th e  
p y r id i n e  r i n g  o f  c a m p to th e c in  i s  s u b s t i t u t e d  i n  th e  3 and
4 - p o s i t i o n ,  t h e r e  i s  a  p o s s i b i l i t y  o f  c y c l i z a t i o n  t o  e i t h e r  
t h e  2 o r  6 - p o s i t i o n  o f  th e  p y r id i n e  r i n g .  I n  o r d e r  to  
exam ine w h ich ,  i f  e i t h e r ,  p o s i t i o n  was f a v o r e d ,  th e  p h o t o l ­
y s i s  o f  s e v e r a l  sy m m e tr ic a l  and u n sy m m e tr ic a l  1 - o - c h lo r o -  
b e n z y lp y r id in iu m  s a l t s  were s t u d i e d .  In  p a r t i c u l a r ,  th e  
s a l t s  o f  3 ,4 - d im e th y l  and 3 -m e th y l  p y r id in e  were i n v e s t i ­
g a te d  as  m o d e ls .
By com paring  th e  c h e m ic a l  s h i f t s  o f  th e  m e th y l  g ro u p s  
( a s  shown i n  T a b le  I I )  i n  t h e  s y m m e tr ic a l  and u n sy m m e tr ic a l  
c y c l i z e d  p r o d u c t s ,  a s  w e l l  a s  t h e  a d j a c e n t  p r o to n  t o  th e  
q u a t e r n a r y  n i t r o g e n ,  one c o u ld  r e a d i l y  make a s s ig n m e n ts  o f  
t h e  c h e m ic a l  s h i f t s  o f  th e  v a r i o u s  m e th y l  g ro u p s .  T h is  p r o ­
v id e d  a  method o f  a n a l y s i s  o f  th e  p ro d u c t  o b ta in e d  in  th e  
u n s y m m e tr ic a l  c a s e s .  M ethy l g ro u p s  i n  th e  2 - p o s i t i o n  su ch  
a s  i n  compound 62b w ere s h i f t e d  f u r t h e s t  d o w n f ie ld  due t o  
t h e  a d j a c e n t  p o s i t i v e  c h a rg e  on th e  n i t r o g e n ,  w h i le  th e  
m e th y ls  i n  th e  5 - p o s i t i o n  as  in  compound 62a were a l s o  
s h i f t e d  d o w n f ie ld  by t h e  r i n g  c u r r e n t  o f  th e  b en zen o id  
r i n g ;  how ever, t h e r e  was no a d j a c e n t  p o s i t i v e  c h a rg e  t o  i n ­
c r e a s e  t h i s  d o w n f ie ld  s h i f t  a s  i n  th e  c a se  o f  th e  2 -m e th y l .  
The 4 -m e th y l  a s  i n  compound 62d was s h i f t e d  d o w n f ie ld  due 
t o  r e s o n a n c e ,  and th e  3 -m e th y l  i n  compound 62c was s h i f t e d  
l e a s t .  As can  be seen  i n  T a b le  I I ,  t h e  compounds w i t h  a 
m e th y l  i n  th e  3 - p o s i t i o n  f a l l  a t  2 .3 8  and 2 .3 7  ppm, w h ile
TABLE I
P h o to c y c lo d e d h y d ro h a lo g e n a t io n s  o f  1 - ( o - c h l o r o b e n z y l ) - 




Time Y ie ld
Compound
h .
(h r ) P ro d u c t
h h
(%)
62a H 3-CH3 23 63a H 5-CH3 33
62b ch3 2-CH3 7 63b ch3 2-CH3 47
62c ch3 3-CH3 3 4 .5 63c ch3 3-CH3 67
5-CH3 33
6 2d CH3 H 19 63d ch3 H 20
6 2 e1 H 3 ,5-diCHo 35 63e H 3 , 5 - d i 30J
ch3
602 H H 4 .5 61 H H 65
^T h is  r e a c t i o n  was run  by D. E. P o r t l o c k .
2
T h is  compound d i f f e r s  from  t h e  o t h e r s  i n  t h a t  t h e  h a lo g e n  i s  on t h e  p y r id in iu m  r i n g ,  
s e e  page 30 f o r  s t r u c t u r e .
S o lv e n t
^ 0
I ^ O /C C ^
HOAc
HOAc/HCl







P h o t o l y s i s  o f  1 - ( o - c h lo r o b e n z y l ) - 3 - m e th y lp y r id in iu m  C h lo r id e  
Source ( f i l t e r )
h e a t  lamp
125 w H anovia 
Hg a r c  (p y re x )
450 w H anovia 
Hg a r c  (v y co r)
Hg a r c  (p y rex )
Hg a r c  (v y co r)
Time








2 . 0  
23 .0
UV (nm)




3 1 6 .2 5 6 .2 4 9




3 1 6 .2 5 6 .2 4 9
3 1 6 .2 5 6 .2 4 9










^ s .m . = s t a r t i n g  m a t e r i a l
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th e  compounds w i t h  a  4 -m e th y l  f a l l  betw een  2 .5 1  and 2 .7 6  ppm 
and f i n a l l y  th o s e  w i th  a  5 -m e th y l  f a l l  betw een  2 .7 1  and 2 .8 3  
ppm.
The p ro d u c t  from th e  p h o t o l y s i s  o f  62a gave a  p ro d u c t  
w i t h  a m e th y l  s i g n a l  a t  2 .8 3  ppm, i n d i c a t i n g  i t  t o  be a t  th e
5 - p o s i t i o n  ( se e  T a b le  I I )  a s  i n  6 3 a . However, t h e  p h o t o l ­
y s i s  o f  62c gave a m ix tu re  o f  p ro d u c ts  w i t h  m e th y l  s i g n a l s  
i n d i c a t i n g  th e  p r e s e n c e  o f  63c^ and 63c^ . I t  sh o u ld  be 
n o te d  t h a t  th e  r a t i o  o f  t h e s e  p ro d u c ts  changed d u r in g  
p u r i f i c a t i o n  to  o b t a i n  an a n a l y t i c a l  sam p le .  The nmr 
s p e c t r a  r e p o r t e d  i n  Appendix B i s  t h a t  o f  th e  p u r i f i e d  








The r e s u l t s  o f  th e  p h o to ly s e s  o f  compounds 60-62 
s u g g e s te d  t h a t  p h o to c y c lo d e h y d ro h a lo g e n a t io n  c o u ld  o c cu r  
w h e th e r  th e  h a lo g e n  was i n  an e l e c t r o n  r i c h  r i n g  and c y c l i ­
z a t i o n  o c c u r re d  i n t o  an e l e c t r o n  d e f i c i e n t  r i n g  o r  w h e th e r  
t h e  h a lo g e n  was i n  an e l e c t r o n  d e f i c i e n t  r i n g  and c y c l i z a ­
t i o n  o c c u r re d  i n t o  an e l e c t r o n  r i c h  r i n g .  I f  t h e  s y n th e s i s  
o f  c a m p to th e c in  was t o  be s u c c e s s f u l  by t h i s  m ethod , th e
TABLE I I
C hem ical S h i f t s ^  o f  M ethy l and P y r id in e  P ro to n s  i n  P h o to c y c l iz e d  P ro d u c ts
Compound 2-H






8 .7 4  8 .0 8 -7 .8 6




8 .0 8 -7 .8 6
2 -CH,
  8 .1 1 - 7 .8 2  8 .1 1 -7 .8 2  ------
8 .1 5 - 7 .4 5    8 .1 5 -7 .4 5  2 .9 0













C hem ical s h i f t s  i n  ppm.
2
T h is  r e a c t i o n  was ru n  by D. E. P o r t l o c k ;
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c y c l i z a t i o n  would have t o  o c c u r  from  an e l e c t r o n  d e f i c i e n t  
r i n g  t o  an e l e c t r o n  d e f i c i e n t  r i n g .  To d e te rm in e  w h e th e r  
t h i s  was p o s s i b l e ,  a  s e r i e s  o f  compounds (64) were made and 
t h e  p h o to c h e m ic a l  c y c l i z a t i o n  o f  t h i s  s e r i e s  was s t u d i e d .
The s a l t s  (i4 were a l l  p r e p a re d  by m ix ing  th e  d e s i r e d  
d i h a l o q u i n o l i n e  w i th  th e  a p p r o p r i a t e  p y r id i n e  d e r i v a t i v e  i n  
s u l f o l a n e .  The m ix tu re s  were a llo w ed  t o  s ta n d  a t  room tem p­
e r a t u r e  w i t h  s t i r r i n g  u n t i l  th e  s a l t  had p r e c i p i t a t e d  ( se e  
T a b le  I I I )  .
The p h o to ly s e s  o f  t h e s e  compounds were c a r r i e d  o u t  
u n d e r  a  v a r i e t y  o f  c o n d i t i o n s  a s  seen  i n  T a b le  IV. U n fo r ­
t u n a t e l y ,  no p h o to c y c l i z e d  p ro d u c t  was o b t a in e d .  The u l t r a ­
v i o l e t  a b s o r p t i o n  s p e c t r a  o f  t h e s e  s a l t s  show maxima a t  
a p p r o x im a te ly  267, 295, 308 , and 322 nm. When 64a was 
p h o to ly z e d  i n  w a te r  t h e r e  was no change i n  th e  u l t r a v i o l e t  
a b s o r p t i o n  sp ec tru m  o v e r  a  p e r io d  o f  24 h r s ,  and c o n c e n t r a ­
t i o n  o f  t h e  s o l u t i o n  u n d e r  red u ced  p r e s s u r e  gave a  25% 
re c o v e ry  o f  s t a r t i n g  m a t e r i a l  w hich  was i d e n t i f i e d  by i n f r a ­
r e d  and n u c l e a r  m ag n e tic  r e so n a n c e  s p e c t r a .  When compound 
64b was p h o to ly z e d  i n  a hyd robrom ic  a c id  s o l u t i o n ,  t h e r e  
was a  change i n  th e  u l t r a v i o l e t  a b s o r p t i o n  sp e c tru m . The 
r e a c t i o n  was s to p p e d  a f t e r  26 h r s  when no f u r t h e r  change 
i n  t h e  uv  co u ld  be s e e n .  The s o l i d  p ro d u c t  t h a t  was i s o ­
l a t e d  m e l te d  a t  252-253° and gave e le m e n ta l  a n a ly s e s  co n ­
s i s t e n t  w i t h  th e  fo rm u la  C ^ H ^ B rN O . T h is  compound was 
i d e n t i f i e d  a s  th e  c o r re s p o n d in g  q u in o lo n e  (65b) and i s  
a p p a r e n t l y  formed by d i s p la c e m e n t  o f  t h e  h a lo g e n  by h y d ro x y l .  
The n u c l e o p h i l i c  d i s p la c e m e n t  i s  d e f i n i t e l y  a  p h o to c h e m ic a l  
r e a c t i o n  s in c e  th e  r e a c t i o n  d id  n o t  p ro c e e d  i n  th e  ab sen ce  
o f  h ig h  e n e rg y  l i g h t .  T h is  q u in o lo n e  (65b) was a l s o  com­
p a re d  w i t h  an  a u t h e n t i c  sample p r e p a re d  by NBS b ro m in a t io n  
o f  3 -m e th y 1 - 2 -q u in o lo n e  and su b se q u e n t  s a l t  f o rm a t io n
34
TABLE I I I
P rep a ra tio n  o f  Q u in o ly lm eth y l-p y r id in iu m  S a lt s  (64)




Q u in o l in e  S o lv e n t
X^=C1 s u l f o l a n e
X2 =Br
Time P ro d u c t  mp(°C)


















a c e to n e
18 h r
1 h r  







TABLE I I I .  ( c o n t in u e d )








S o lv e n t
s u l f o l a n e
II
Y ie ld
Time P ro d u c t  mp(°C) (%)
5 days  64Cl 166-169 61
0 .5  h r  65b 255-258 94
tocr\
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betw een th e  3-bromomethy1 -2 - q u in o l i n e  and p - p i c o l i n e  in  
s u l f o l a n e .  A l l  o f  th e  p y r id in iu m  s a l t s  o f  2 - h a l o - 3 - q u i n o l y l -  
m e th y l  shown in  T a b le  IV gave p h o to h y d ra t io n  i f  any r e a c t i o n  
o c c u r r e d .  T h is  h a s  been shown t o  be one o f  th e  m a jo r  r o u te s  
o f  p h o to r e a c t io n  o f  a r y l h a l i d e s
In  o r d e r  t o  g a in  some in fo r m a t io n  as  t o  t h e  manner 
i n  w hich  t h i s  r e a c t i o n  o c c u r r e d ,  t h e  same compound (64b) was 
p h o to ly z e d  i n  g l a c i a l  a c e t i c  a c i d .  No r e a c t i o n  o c c u r re d  
u n t i l  benzophenone was added t o  s e n s i t i z e  th e  r e a c t i o n  b u t  
t h e r e  was an im m ediate  change in  t h e  u l t r a v i o l e t  sp ec tru m  
a f t e r  ad d in g  th e  benzophenone i n d i c a t i n g  f o rm a t io n  o f  th e  
q u in o lo n e  ( 6 5 b ) .
TABLE IV














S o lv e n t









Hg a r c
Time







S t a r t  F i n i s h
no change
3 2 0 ,3 0 7 ,
2 9 3 ,2 6 6 ,
236
3 2 1 ,2 6 7 ,
229
no change
2 3 5 ,3 1 2 ,
320
2 2 5 ,3 3 1 ,
2 4 7 ,2 6 3 ,
275
64b c h c i3 / h c i 24 no change
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These r e s u l t s  i n d i c a t e  t h a t  th e  p h o to c y c lo d e h y d ro -
h a lo g e n a t io n  be tw een  two e l e c t r o n  d e f i c i e n t  r i n g s  would n o t
o c c u r .  An an a lo g o u s  sys tem  such  a s  66_ sh o u ld  g iv e  th e
49p h o to c h e m ic a l  c y c l i z a t i o n  s in c e  B ra d sh e r  h a s  r e p o r t e d  t h a t  
2 - b ro m o - N - ( l ' - n a p h th y lm e th y l ) p y r id in iu m  brom ide (6 7 ) c y c l i z e d  
t o  g iv e  e i t h e r  68 o r  6_9. The c o r r e c t  s t r u c t u r e  c o u ld  n o t  be 
a s s ig n e d  by e i t h e r  n u c l e a r  m a g n e t ic  r e s o n a n c e ,  u l t r a v i o l e t  
o r  i n f r a r e d  s p e c t r a .
The p h o t o c y c l i z a t i o n  o f  66^  would p ro v id e  an a n a lo g  
o f  c a m p to th e c in  d i f f e r i n g  i n  o n ly  one atom (a  c a rb o n  would 
be s u b s t i t u t e d  f o r  a  n i t r o g e n  atom i n  r i n g  B ) .
40
E . S tudy o f  An A l t e r n a t e  A pproach Forming th e  Q u in o l in e -  
p y r id i n e  Bond F i r s t
S in ce  th e  c a rb o n -c a rb o n  bond betw een  q u i n o l i n e  and
p y r i d i n e  c o u ld  n o t  be formed by th e  p h o t o l y s i s  r e a c t i o n s ,
a l t e r n a t e  ways o f  fo rm ing  t h i s  bond w ere s t u d i e d .  The f i r s t
a p p ro a c h  a t t e m p te d  was th e  r e a c t i o n  o f  2 -b ro m o -3 -m e th y l-
q u i n o l i n e  w i t h  n-B uLi t o  form  th e  l i t h i o  compound w hich
would th e n  be t r e a t e d  w i t h  2 -b ro m o p y r id in e  (Scheme X I I ) .
52Gilman and S p a tz  have r e p o r t e d  th e  f o rm a t io n  o f  l i t h i o  
compounds su ch  as 3 -b ro m o q u in o l in e , 2 -b ro m o c a rb a z o le  and 2 -  
i o d o - 4 - m e t h y l q u i n o l i n e j how ever, th e  r e a c t i o n  o f  2 - c h l o r o -  
q u i n o l i n e  w i th  n-B uLi fo l lo w e d  by c a r b o n a t io n  gave none o f  
t h e  e x p e c te d  p r o d u c t .  Two r e a c t i o n s  f o l lo w in g  G i lm a n 's  
p ro c e d u re  were a t te m p te d  and i n  b o th  c a s e s  an u n i d e n t i f i ­
a b le  p ro d u c t  was o b t a i n e d .
The n e x t  a p p ro a c h  t o  q u i n o l i n e - p y r i d i n e  f o rm a t io n
in v o lv e d  th e  u se  o f  th e  P f i t s z i n g e r  r e a c t i o n .  T h is  i s  th e
31r e a c t i o n  u se d  e a r l i e r  t o  p r e p a re  th e  d i h a l o q u i n o l i n e s  
(4 )  (Scheme X I I I ) . T h is  a p p ro a c h  in v o lv e d  t h e  t r e a t m e n t  o f  
a p r o p e r l y  s u b s t i t u t e d  p y r id i n e  w i th  i s a t i n  and b ase  t o  
a f f o r d  a q u i n o l i n i c  a c id  d e r i v a t i v e  w hich  c o u ld  th e n  be 
d e c a r b o x y la t e d ,  c o n v e r te d  t o  a  b e n z y l  h a l i d e  w i t h  NBS and 
i n t r a m o l e c u l a r l y  q u a t e r n i z e d  t o  g iv e  an a n a lo g  o f  th e  A,B,C 
and D r i n g s  o f  c a m p to th e c in  (Scheme X IV ).
When i s a t i n  was t r e a t e d  w i th  p o ta s s iu m  h y d ro x id e  
and 4 - a c e t y l p y r i d i n e ,  a  90% y i e l d  o f  th e  e x p e c te d  q u i n o l i n i c  
a c id  (72) was o b t a i n e d .  T re a tm e n t  o f  i s a t i n  w i t h  b a se  and 
4 - p r o p i o n y l p y r id i n e  (74) gave th e  e x p e c te d  q u i n o l i n i c  a c id  
(75) i n  97% y i e l d ,  and d e c a r b o x y l a t i o n  o f  75 gave 7,6 in  
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F or th e  s y n t h e s i s  o f  c a m p to th e c in  analogs  th e  
P f i t s z i n g e r  r e a c t i o n  would r e q u i r e  2 - p r o p io n y lp y r id in e  as  
th e  k e to n e  r e a c t a n t  w i th  i s a t i n .  S ince  th e  r e a c t i o n  was 
s u c c e s s f u l  w i th  4 - p r o p i o n y l p y r i d i n e , a  s y n th e s i s  o f  th e  2 - 
p r o p io n y l p y r i d i n e  was s o u g h t .  The s y n th e s i s  o f  2 - p r o p i o n y l ­
p y r id i n e  (78) was m ost e a s i l y  acco m p lish e d  from th e  2 -c y a n o -  
p y r i d i n e . When 2 - c y a n o p y r id in e  (77) was t r e a t e d  w i th  
EtMgBr , 2 - p r o p i o n y l p y r id i n e  (7 8 ) was o b ta in e d  in  67% 
y i e l d .  T re a tm e n t  o f  i s a t i n  w i t h  p o ta s s iu m  h y d ro x id e  and 
th e n  2 8 ,  fo l lo w e d  by d e c a r b o x y l a t i o n  gave th e  d e s i r e d  
p y r id y  1- q u in o l i n e  (70) in  257. y i e l d  from i s a t i n .
B e n z y l ic  b ro m in a t io n  o f  th e  3 -m e th y l  s u b s t i t u e n t  on 
th e  q u i n o l i n e  r i n g ,  and i n t r a m o l e c u l a r  c y c l i z a t i o n  sh o u ld  
p ro ceed  t o  g iv e  81., w h ich  c o n t a i n s  th e  same r i n g  s t r u c t u r e  
a s  t h e  f i r s t  f o u r  r i n g s  o f  c a m p to th e c in .
When 7j0 was r e a c t e d  w i th  NBS a  red -b ro w n  s o l i d  
im m ed ia te ly  p r e c i p i t a t e d  o u t  o f  s o l u t i o n .  I t  was th e n  
e v i d e n t  t h a t  a perb rom ide  o r  a hydrobrom ide s a l t  had formed 
w i th  th e  b a s ic  n i t r o g e n  atom o f  th e  p y r id in e  r i n g .  To 
c irc u m v e n t  t h i s  p ro b lem , a  l e s s  b a s i c  n i t r o g e n  atom was 
n e c e s s a r y ,  and s in c e  th e  2 - h a lo - 3 - h a lo m e th y lq u in o l in e s  d id  
n o t  r e a c t  w i th  th e m se lv e s  i t  a p p e a re d  t h a t  th e  e l e c t r o n  
w ith d ra w in g  e f f e c t  and s i z e  o f  a  h a lo g e n  a d j a c e n t  t o  th e  
n i t r o g e n  would p r e v e n t  s a l t  f o rm a t io n .
I n  o r d e r  t o  p r e p a r e  th e  a n a lo g  h av in g  a  p y r id in e  
r i n g  f o r  r i n g  D, i t  was n e c e s s a r y  t o  p r e p a re  6 - c h l o r o - 2 -  
p r o p io n y lp y r id in e  (Scheme X IV ). F o llo w in g  l i t e r a t u r e  p r o ­
c e d u r e s ^  th e  N -o x id e  o f  p i c o l i n i c  a c id  (83) was p re p a re d  
i n  85% y i e l d  when p i c o l i n i c  a c id  was t r e a t e d  w i t h  30% 
h ydrogen  p e ro x id e  and g l a c i a l  a c e t i c  a c i d .  T re a tm e n t  of 
83 w i th  phosphorous  o x y c h lo r id e  gave none o f  th e  e x p e c te d  
6 - c h l o r o p i c o l i n i c  a c id ^ ^  ( 8 4 ) .
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The r e a c t i o n  o f  p i c o l i n i c  a c id  N -ox ide  w i th  p h o s ­
p h o ro u s  o x y c h lo r id e  fo l lo w e d  by phosphorous  t r i c h l o r i d e  
and m e th a n o l  was d e s ig n e d  to  p roduce  t h e  m e th y l  e s t e r  (85) 
i n  o r d e r  t o  f a c i l i t a t e  th e  i s o l a t i o n  o f  th e  p r o d u c t ;  how ever,
t h e  o n ly  p ro d u c t  i s o l a t e d  was th e  m e th y l  e s t e r  o f  p h o sp h o r ic  
56a c id  (86 ) .  B ecause o f  t h e  d i f f i c u l t i e s  w i th  t h i s  s t e p  i n  
t h e  s y n t h e s i s ,  a  d i f f e r e n t  method f o r  p r e p a r in g  6- c h l o r o - 2 - 
p r o p io n y l p y r i d i n e  was s o u g h t .
576 - C h lo ro - 2 - c y a n o p y r id in e  ( 88) was s y n th e s iz e d  in  
good y i e l d  from  th e  N -ox ide  o f  2 - c y a n o p y r id in e  ( 8 7 ) , w hich 
was form ed i n  99% y i e l d  when 2 - c y a n o p y r id in e  was t r e a t e d  
w i t h  30% hydrogen  p e r o x id e  and g l a c i a l  a c e t i c  a c i d ,  by 
t r e a t i n g  87. w i th  p h o sp h o ro u s  o x y c h lo r id e .  R e a c t io n  o f  88 
w i t h  e t h y l  magnesium brom ide gave 6 - c h l o r o - 2 - p r o p i o n y l -  
p y r i d i n e  (89) i n  66% y i e l d .
The r e a c t i o n  o f  89 w i th  i s a t i n  (22) i n  th e  u s u a l
52manner gave an 89% y i e l d  o f  th e  q u i n o l i n i c  a c id  9^0. De­
c a r b o x y l a t i o n  and b ro m in a t io n  sh o u ld  have g iv e n  an a n a lo g  
o f  th e  f i r s t  f o u r  r i n g s  o f  c a m p to th e c in ,  w i t h  a  c h l o r i n e  
atom  as  i n  t h e  p o s i t i o n  o f  th e  oxygen atom i n  th e  p y r id in e  
r i n g  D. T h is  a p p ro a c h  was abandoned s in c e  d u r in g  t h i s  s tu d y  
s u c c e s s f u l  r e s u l t s  were o b ta in e d  i n  th e  o t h e r  a p p ro a c h e s  
m aking t h i s  s y n t h e t i c  scheme u n n e c e s s a r y .
58F . A N ovel O x id a t io n  R e a c t io n  U sing  D im e th y ls u l f o x id e
59Many p y r id o n e s  a r e  a c t i v e  p h a rm a c o lo g ic a l  a g e n ts  
and t h e r e f o r e  a  n o v e l  new r e a c t i o n  t o  form  p y r id o n e s  co u ld  
be o f  im p o r ta n t  s i g n i f i c a n c e .  The d i s c o v e r y ,  d e s c r i b e d  i n  
S e c t io n  C, t h a t  d i m e t h y l s u l f o x i d e  cau sed  th e  c o n v e r s io n  o f
2 - io d o p y r id in iu m  s a l t s  t o  t h e  c o r re s p o n d in g  p y r id o n e  prom pted 
a  s tu d y  o f  th e  scope  o f  t h i s  r e a c t i o n .
46
The r e a c t i o n  o f  2 - io d o ,  2 - c h l o r o ,  and 2 -b rom o-3 -  
m e th y lq u in o l in e s  w i th  DMSO and h y d r o c h lo r i c  a c id  r e s u l t e d  i n  
t h e  f o rm a t io n  o f  3 - m e th y l -2 -q u in o lo n e  in  91 , 82 and 92% 
y i e l d s ,  r e s p e c t i v e l y ,  a l th o u g h  i t  was n e c e s s a r y  t o  add 
sodium io d id e  t o  th e  r e a c t i o n  o f  th e  2 -bromo and 2 - c h lo r o  
compounds i n  o r d e r  t o  e f f e c t  h a lo g e n  exchange to  g iv e  th e
2 - io d o  compound b e f o re  r e a c t i o n  would ta k e  p l a c e .  The 3-
m e th y l -2 - q u in o lo n e  (25) t h a t  was i s o l a t e d  was i d e n t i c a l  t o
an a u t h e n t i c  sample p r e p a re d  by a  d i f f e r e n t  c h e m ic a l  se q u e n c e .
60The r e a c t i o n  o f  2 -b ro m o -N -b e n z y lp y r id in iu m  brom ide
(60) and 4 -b ro m o -N -b e n z y lp y r id in iu m  b r o m i d e ^  (94) gave  N-
62 63b e n z y l - 2 -p y r id o n e  (93) and 3 ,5 -d ib ro m o -N -b e n z y l -4 -p y r id o n e
( 9 5 ) ,  r e s p e c t i v e l y .  The f o rm a t io n  o f  9J5 from th e  l a t t e r  
r e a c t i o n  i s  n o t  s u r p r i s i n g  i n  v iew  o f  th e  f a c t  t h a t  t r e a t ­
m ent o f  4 - n i t r o p y r i d i n e  w i th  b e n z y l  brom ide a l s o  gave th e
6 3d ibrom o p ro d u c t  9 6 .
The r e a c t i o n  was th o u g h t  t o  o c cu r  by a d d i t i o n  o f  th e  
n u c l e o p h i l i c  oxygen to  th e  e l e c t r o n  d e f i c i e n t  c a rb o n  o f  th e  
h e t e r o c y c l e .  E l i m i n a t i o n  o f  d i m e t h y l s u l f i d e  w i th  o x i d a t i o n  
o f  th e  h a lo g e n  s u b s t i t u e n t  would th e n  g iv e  th e  p y r id o n e .
S in c e  p y r id in iu m  s a l t s  a r e  s u s c e p t i b l e  t o  n u c l e o p h i l i c  
a d d i t i o n s  th e  r e a c t i o n  o f  N -b e n z y lp y r id in iu m  b rom ide , and 2 - 
b e n z o y l-N -m e th y lp y r id in iu m  io d i d e  w ere s tu d i e d  w i th  DMSO; 
how ever, th e y  gave no r e a c t i o n .  The 3 - p o s i t i o n  o f  th e  
n i t r o g e n  h e t e r o c y c l e s  a r e  n o t  e l e c t r o n  d e f i c i e n t  and th u s
3 - h a l o  g ro u p s  do n o t  u n d e rg o  d i s p la c e m e n t  by n u c l e o p h i l i c  
a d d i t i o n .  I t  was n o t  s u r p r i s i n g ,  t h e r e f o r e ,  t h a t  3-brom o- 
q u i n o l i n e  gave no r e a c t i o n .
The o x i d a t i o n  o f  p r im a ry  a l k y l  i o d id e s  t o  th e  a l d e ­
h y d e s ^  p ro b a b ly  i n v o lv e s  n u c l e o p h i l i c  a d d i t i o n  by th e  
s u l f o x i d e  oxygen atom t o  form th e  i n t e r m e d i a t e  a lk o x y s u l -  
fon ium  s a l t ^ ,  w hich  th e n  can  e l i m i n a t e  d im e th y l  s u l f i d e
47
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and a  p ro to n  t o  g iv e  th e  a ld e h y d e .  I t  i s  b e l i e v e d  t h a t  t h e  
o x i d a t i o n  o b se rv e d  p ro c e e d s  s i m i l a r l y  t o  g iv e  d im e th y l  s u l ­
f i d e  and i o d i n e .  The d im e th y l  s u l f i d e  was d e t e c t e d  by th e  
c h a r a c t e r i s t i c  s m e l l  and a p o s i t i v e  s t a r c h  io d id e  t e s t  f o r  
i o d in e  was o b t a i n e d .
c h 3
OSCH
+ c h 3s c h 3 + i 2
T h is  p ro c e d u re  p r o v id e s  a  m ild  p r e p a r a t i o n  o f  2 -  
and 4 - p y r id o n e s  and 2 -q u in o lo n e s  from  th e  h a l i d e  s a l t s ,  and 
i s  e s p e c i a l l y  u s e f u l  w i t h  h e t e r o c y c l e s  h a v in g  a c id  o r  b ase  
s e n s i t i v e  g ro u p s  w hich  would be a f f e c t e d  by t h e  h a r s h  
r e a c t i o n  c o n d i t i o n s  t h a t  o f t e n  a r e  n e c e s s a r y .  T a b le  V g iv e s  
t h e  c o n d i t i o n s  and r e s u l t s  o f  e x p e r im e n ts  i n  w hich  t h i s  
p ro c e d u re  was u s e d .
TABLE V
O x id a tio n  R e a c tio n s  w i th  D im e th y ls u lfo x id e
Compound





(h r ) P ro d u c t
Y ie ld
(%) mp^(0 C)
26 + + 24 252 82 230-235
27 + + 24 252 92 233-237
28 - + 24 252 91 237-240
60 + - 1 .5
4
93 65 63-65
60 - - 7 days
3
93 - -
94 2 .2 5 95 325 196-199
^ A ll  mp a r e  u n c o r r e c t e d .
2
The p ro d u c t  was compared t o  an  a u t h e n t i c  sam ple by m ix tu re  mp and nmr.
3
The r e a c t i o n  was fo l lo w e d  by nmr.
^The nmr was c o n s i s t e n t  w i t h  t h e  s t r u c t u r e  p ro p o sed  and th e  u v  showed a  b a th o c h ro m ic  s h i f t
from  277 nm t o  292 nm. The u l t r a v i o l e t  s p e c t r a  o f  2 -p y r id o n e  showed a  A a t  290 nm.nicix
^ N -b e n z y l -4 -p y r id o n e  can  be d e t e c t e d  by u l t r a v i o l e t  s p e c t ro s c o p y  i n  th e  aqueous l a y e r  
from  th e  workup o f  t h e  r e a c t i o n .
50
G. S y n th e t i c  R ou tes  t o  a  N ap h th y l  A and B Ring Analog
The r e s u l t s  o f  th e  s y n t h e t i c  a p p ro a c h  t o  th e  n a t u r a l  
c a m p to th e c in  s u g g e s te d  t h a t  th e  s y n t h e s i s  o f  an a n a lo g  
h a v in g  th e  A and B r i n g s  c a r b o c y c l i c  sh o u ld  be p o s s i b l e  by 
t h e  p roposed  r o u t e .  The s y n t h e s i s  would r e q u i r e  2 - h a l o - 3 -  
h a lo m e th y ln a p h th a le n e  i n s t e a d  o f  th e  q u in o l in e  m o ie ty  t o  
form  th e  A and B r i n g s .  S y n th e t i c  a p p ro a c h e s  were i n v e s t i ­
g a te d  f o r  th e  p r e p a r a t i o n  o f  th e  2 -b rom o-3-brom om ethy l-  
n a p h th a le n e .  One a p p ro a c h  was from 3 - h y d ro x y -2 -n a p h th a io  
a c i d .
M ethyl 3 - h y d ro x y -2 -n a p h th o a te  (97) was p r e p a re d  from 
th e  c o r re s p o n d in g  a c id  by t r e a tm e n t  w i th  m e th an o l  and h y d ro ­
c h l o r i c  a c i d .  R e a c t io n  o f  97 w i th  t r ip h e n y lp h o s p h in e  d i -  
b r o m i d e ^  p re p a re d  in  s i t u  by th e  r e a c t i o n  o f  t r i p h e n y l ­
p h o sp h in e  w i th  brom ine in  a c e t o n i t r i l e , gave o n ly  s t a r t i n g  
m a t e r i a l .  A s i m i l a r  r e a c t i o n  w i th  t r i  n -o c ty lp h o s p h in e  
d ib ro m id e  a l s o  gave o n ly  s t a r t i n g  m a t e r i a l .
The r e d u c t i o n  o f  m e th y l  3 - h y d ro x y -2 -n a p h th o a te  (9 7 ) 
w i t h  l i t h i u m  aluminum h y d r id e  gave a  good y i e l d  o f  th e  3- 
h y d ro x y m e th y l -2 -n a p h th o l  (98) . The c o n v e r s io n  o f  9JJ t o  th e  
c o r re s p o n d in g  d i h a l i d e  ( 99) was n o t  a t t e m p te d ;  how ever, th e  
t r ip h e n y lp h o s p h in e  d i h a l i d e s  a r e  r e p o r t e d  t o  c a u se  th e  
c o n v e r s io n  e a s i l y .
The s y n t h e s i s  o f  an a n a lo g  o f  c a m p to th e c in  (59) 
co m p le ted  a  s y n t h e t i c  p ro c e d u re  t h a t  w i l l  be o f  v a lu e  i n  
p r e p a r in g  o t h e r  a n a lo g s  o f  c a m p to th e c in .  The s t e p s  o f  th e  
s y n t h e s i s  have been  shown t o  g iv e  a d e q u a te  y i e l d s  to  be 
p r a c t i c a l  f o r  l a r g e  s c a l e  s y n t h e s i s  and can  be g e n e r a l i z e d  
t o  p ro v id e  a  v a r i e t y  o f  d i f f e r e n t  a n a lo g s .  The s u c c e s s  o f  
t h e  p y r id o n e  f o rm a t io n  p r o v id e s  a s im p l i f i e d  a p p ro a c h  t o  th e  
p r e p a r a t i o n  o f  th e  n a t u r a l  c a m p to th e c in  a s  w e l l .  F u r th e r  
work i s  i n  p r o g r e s s  i n  t h i s  l a b o r a t o r y  on th e  p r e p a r a t i o n  
o f  t h e s e  compounds.
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SECTION I I I  
EXPERIMENTAL
G e n e ra l
M e lt in g  P o i n t s . M e lt in g  p o i n t s  were d e te rm in e d  w i th  
a Mel-Temp a p p a r a tu s  and a r e  u n c o r r e c t e d .
B o i l in g  P o i n t s . B o i l in g  p o i n t s  w ere m easured  a t  th e  
p r e s s u r e  i n d i c a t e d  i n  p a r e n th e s e s  and a r e  u n c o r r e c t e d .
I n f r a r e d  S p e c t r a . I n f r a r e d  s p e c t r a  were r e c o rd e d  
on a P e rk in -E lm e r  Model 137 I n f r a c o r d  p r ism  s p e c t ro m e te r  and 
i n  one c a s e  on a P e rk in -E lm e r  Model 337 g r a t i n g  i n f r a r e d  
s p e c t r o m e te r  and were c a l i b r a t e d  w i th  p o ly s ty r e n e  a t  1601.4  
o r  90 6 .7  cm A l l  s o l i d  sam ples  were r e c o rd e d  as  KBr 
d i s c s  w h ile  l i q u i d  sam ples  were r e c o rd e d  a s  n e a t  f i lm s  
be tw een  sodium c h l o r i d e  p l a t e s .
N u c le a r  M agnetic  Resonance S p e c t r a  (n m r) . N u c le a r  
m a g n e t ic  re so n a n c e  s p e c t r a  w ere r e c o rd e d  on a V a r ia n  Model 
A-60 S p e c t ro m e te r  and on a JEOL MH 100 S p e c tro m e te r  and a r e  
r e p o r t e d  i n  p a r t s  p e r  m i l l i o n  ( £ )  d o w n f ie ld  from TMS.
Samples r e c o rd e d  i n  CDCl^ c o n t a i n  l7o TMS a s  an i n t e r n a l  
s t a n d a r d ,  and sam ples  r e c o rd e d  i n  D2O, TFA and d^-DMSO a r e  
c a l i b r a t e d  w i th  TMS a s  an e x t e r n a l  s t a n d a r d .  F o r  a l l  new 
compounds r e p o r t e d ,  th e  nmr s p e c t r a  a r e  re p ro d u c e d  i n  
A ppendix  B o r  g iv e n  i n  t h e  e x p e r im e n ta l  s e c t i o n  f o r  e a c h  
new compound a s  f o l l o w s :  nmr ( s o l v e n t ) ;  i n  ppm ( m u l t i p l i c ­
i t y ,  number o f  h y d ro g e n s ,  a s s ig n m e n t ) .  The d e s c r i p t i o n  o f  
m u l t i p l i c i t y  i s  s = s i n g l e t ,  d = d o u b l e t ,  q = q u a r t e t  and 
m = m u l t i p l e t .
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U l t r a v i o l e t  S p e c t r a . U l t r a v i o l e t  (uv) s p e c t r a  
w ere  ta k e n  on a Cary Model 15 U l t r a v i o l e t  V i s i b l e  S p e c t r o ­
p h o to m e te r  i n  th e  s o lv e n t  shown.
P h o t o l y s e s . P h o to ly s e s  were c a r r i e d  o u t  w i th  a 
H anovia  450 w a t t  High P r e s s u r e  M ercury-A rc Lamp and Power 
S o u rc e .  A v y c o r  f i l t e r  was u se d  i n  a l l  p h o to ly s e s  u n l e s s  
o th e r w is e  s t a t e d ,  and th e  s o l u t i o n  i n  th e  r e a c t i o n  v e s s e l  
was c o n s t a n t l y  mixed w i t h  a f lo w  o f  n i t r o g e n  g a s  th ro u g h  a  
s i n t e r e d  g l a s s  f i l t e r  d i s c  i n  th e  b o tto m  o f  th e  v e s s e l .
E le m e n ta l  A n a ly s e s . E le m e n ta l  a n a ly s e s  w ere d e t e r ­
mined a t  t h e  U n i v e r s i t y  o f  New Ham pshire w i th  an F & M 
Model 185 c a rb o n ,  hyd ro g en  and n i t r o g e n  a n a l y z e r .
M a te r i a l s  and M eth o d s . A. R e a g e n t s : o - N i t r o -
b e n z o ic  a c i d ,  d i e t h y l  m a lo n a te ,  p i p e r i d i n e ,  e t h y l  cyano- 
a c e t a t e ,  o - n i t r o b e n z a l d e h y d e , d im e th y la m in e  h y d r o c h lo r id e ,  
37% f o r m a l in  s o l u t i o n ,  2 - b ro m o p y r id in e , 4 -b ro m o p y r id in e  
h y d r o c h l o r i d e ,  2 - c y a n o p y r id in e ,  4 - a c e t y l p y r i d i n e , p i c o l i n i c  
a c i d ,  add n - o c t a n o y lp h o s p h in e , i s a t i n  and s u l f o l a n e ,  were 
a l l  p u rc h a se d  from  A l d r i c h  C hem ical Company. p - P i c o l i n e ,  
^ - p i c o l i n e ,  2 , 4 - l u t i d i n e  and 3 , 4 - l u t i d i n e  w ere p u rc h a se d  
from  R e i l l y  T a r  and C hem ical Company. P hosphorous  oxy­
c h l o r i d e ,  NBS, 3 - h y d ro x y - 2 -n a p h th o ic  a c i d ,  o - c h lo r o b e n z y l  
c h l o r i d e , and p r o p io n i c  a n h y d r id e  w ere p u rc h a se d  from 
E astm an , w h i le  an h y d ro u s  h y d r o c h l o r i c  and hydrobrom ic  a c id s  
w ere p u rc h a se d  from  M a l l i n c k r o d t . T r ip h e n y lp h o s p h in e  was 
p u rc h a se d  from C a r l i s l e  C hem ical Company. P e r o x y a c e t i c  
a c id  (40%) was p u rc h a se d  from  FMC C o r p o r a t io n  and n - b u t y l -  
l i t h i u m  was a  g i f t  from  F o o te  M in e ra l  Company and a l s o  
p u rc h a se d  from V e n tro n  C o r p o r a t io n .
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B. S o l v e n t s : The f o l lo w in g  s o l v e n t s  w ere u sed
w i th o u t  f u r t h e r  p u r i f i c a t i o n :  c h lo ro fo rm ,  drum e t h e r ,  e t h y l
a c e t a t e ,  a c e t o n i t r i l e , m e th y l  e t h y l  k e to n e ,  e t h a n o l ,  p e n ta n e ,  
hexane and p e t ro le u m  e t h e r .  Benzene and anhydrous e t h e r  
were s to r e d  o v e r  sodium w i r e ,  w h i le  m e th an o l  was d i s t i l l e d .  
D im e th y ls u l f o x id e  and t e t r a h y d r o f u r a n  were d i s t i l l e d  from  
c a lc iu m  h y d r id e .  Carbon t e t r a c h l o r i d e  was d i s t i l l e d  and 
s to r e d  o v e r  4-A m o le c u la r  s i e v e s .
C. Y ie ld s  o f  th e  p r o d u c ts  a r e  r e p o r t e d  on th e  
c ru d e  m a t e r i a l  u n l e s s  s t a t e d  o th e r w i s e ,  and u s u a l l y  were o f  
s u f f i c i e n t  p u r i t y  t o  be u se d  in  t h e  f o l lo w in g  s y n t h e t i c  
p r o c e d u r e . I n f r a r e d  s p e c t r a  were ta k e n  on th e  a n a l y t i c a l l y  
p u re  s a m p le s ,  and nmr s p e c t r a  w ere r e c o rd e d  on e i t h e r  th e  
c ru d e  o r  r e c r y s t a l l i z e d  p r o d u c t .
D . E x p e r im e n ta l  M ethods : R e a g e n ts  were w eighed to  
t h e  number o f  s i g n i f i c a n t  f i g u r e s  shown and t h i s  number was 
c o n v e r te d  t o  e i t h e r  m oles  (mol) o r  m i l l im o le s  (mm ol). 
F o llo w in g  e x t r a c t i o n ,  t h e  norm al p ro c e d u re  was t o  d ry  th e  
e x t r a c t  o v e r  th e  d r y in g  a g e n t  shown and f i l t e r  t h e  s o l u ­
t i o n  th ro u g h  a  pad o f  c e l i t e .  The f i l t r a t e  was th e n  c o n ­
c e n t r a t e d  u n d e r  red u ced  p r e s s u r e  on t h e  r o t a t o r y  e v a p o r a t o r .
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P r e p a r a t i o n  o f  o -N i t r o b e n z o y l  C h lo r id e  (17) .  To
10 .0  g (0 .0 6  mol) o f  o - n i t r o b e n z o i c  a c id  (16) was added 50 
ml o f  SOCI2 and th e  m ix tu re  was h e a te d  u n d e r  r e f l u x  f o r  1 h r .
The e x c e s s  SOC^ was e v a p o ra te d  l e a v in g  10 .4  g (94%) o f  1J_
a s  an o i l  i d e n t i f i e d  by th e  i n f r a r e d  s p e c t r a  bands  a t  1540 , 1800 
and 1350 cm
A ttem p ted  P r e p a r a t i o n  o f  o -N i tro b e n z a ld e h y d e  (jj) .
To a s o l u t i o n  o f  7 .52  g o f  KCN in  5 ml o f  w a te r  was added
5 .0  g (4 .5 9  ml) o f  q u in o l in e  (21) . The r e s u l t i n g  m ix tu re  
was h e a te d  u n d e r  r e f l u x  f o r  2 h r .  When th e  m ix tu re  was 
b o i l i n g ,  14 .29  g (0 .077  mol) o f  o - n i t r o b e n z o y l  c h l o r i d e  i n  
40 ml o f  benzene was added d u r in g  a 10 min p e r i o d .  The m ix ­
t u r e  was f i l t e r e d  a t  t h e  end o f  2 h r  b ecau se  a s o l i d  had 
p r e c i p i t a t e d  o u t  o f  s o l u t i o n .  T h is  s o l i d  was KCN. I t  was 
d i s s o l v e d  i n  more w a te r  and th e  benzene  l a y e r  was added t o  
t h i s .  The m ix tu re  was s t i r r e d  f o r  24 h r ,  and t h e  two l a y e r s  
w ere  s e p a r a t e d .  The benzene l a y e r  was c o n c e n t r a t e d  u n d e r  
red u c e d  p r e s s u r e  t o  g iv e  a  d a r k  brown l i q u i d  w h ich  was d i s ­
s o lv e d  in  EtOH, and w a te r  was ad d ed . The s o l u t i o n  was 
s t i r r e d  f o r  a few m in u te s  and a  l i g h t  brown s o l i d  formed 
w h ich  was i s o l a t e d  by f i l t r a t i o n  and washed w i t h  low b o i l i n g  
p e t ro le u m  e t h e r  t o  g iv e  6 .7 5  g (60%) o f  c ru d e  p r o d u c t .  Re­
c r y s t a l l i z a t i o n  from  EtOH gave 3 .6  g o f  s o l i d ,  mp 160 -1 6 7 ° , 
w h ich  was r e c r y s t a l l i z e d  once more from  MeOH t o  g iv e  l - ( o -
n i t r o b e n z o y l ) - 2 - c y a n o - l , 2 - d ih > d r o q u in o l in e  ( 1 8 ) ,  mp 166-169°
20( l i t  mp 1 7 3 ° ) .
To 2 .1 7  g o f  t h i s  p ro d u c t  was added 300 ml o f  60%,
^ S O ^ ,  and th e  r e s u l t i n g  m ix tu re  was h e a te d  u n d e r  r e f l u x  f o r  
3 h r .  The m ix tu re  was made b a s i c  w i th  NaOH, and th e  aqueous  
l a y e r  was e x t r a c t e d  s e v e r a l  t im e s  w i t h  e t h e r . The e t h e r  e x ­
t r a c t s  were d r i e d  (K^CO^) and c o n c e n t r a t e d  u n d e r  red u ced  
p r e s s u r e  t o  a f f o r d  no p r o d u c t .  The aqueous l a y e r  was s a l t e d
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w i th  and a g a in  e x t r a c t e d  w i th  e t h e r j  how ever, no
p r o d u c t  was o b t a i n e d .
P r e p a r a t i o n  o f  o -N i t ro b e n z a ld e h y d e  ( 5 ) . A s o l u t i o n  
o f  4 2 .5  g (0 .3 3  mol) o f  q u i n o l i n e  ( f r e s h l y  d i s t i l l e d )  and 
2 1 .4  g (0 .3 3  mol) o f  KCN i n  150 ml o f  w a te r  was s t i r r e d  a t  
room te m p e r a tu re  f o r  23 h r .  The s o l u t i o n  was th e n  h e a te d  
u n d e r  r e f l u x ,  and 58 .92  g (0 .3 3  mol) o f  o - n i t r o  b e n z o y l -  
c h l o r i d e  i n  60 ml o f  benzene  was added o v er  a  12 min p e r i o d . 
The m ix tu re  tu rn e d  a  red -b ro w n  and formed an e m u ls io n .  To 
th e  m ix tu re  was added 50 ml o f  benzene  and th e  m ix tu re  was 
s t i r r e d  o v e r n ig h t  a t  room te m p e r a tu r e .  The l a y e r s  were 
s e p a r a t e d , and th e  aqueous l a y e r  was made a l k a l i n e  w i th  
K2CO3 and e x t r a c t e d  s e v e r a l  t im e s  w i th  b e n zen e .  The com­
b in e d  benzene  e x t r a c t s  were d r i e d  (I^CO^) and c o n c e n t r a t e d  
u n d e r  red u c e d  p r e s s u r e  t o  g iv e  an o i l .  To t h i s  o i l  was 
added 35 ml o f  EtOH and th e n  w a te r  was added s lo w ly  t o  th e  
s t i r r e d  s o l u t i o n  u n t i l  a  s o l i d  p r e c i p i t a t e d .  T h is  m ix tu re  
was s e p a r a t e d  by f i l t r a t i o n  and th e  s o l i d  was c o l l e c t e d  t o  
g iv e  3 9 .4  g (437») o f  t h e  R e i s s e r t  compound (18) , mp 125-140° .
To 1 0 .0  g (0 .0 3 4  mol) o f  t h e  R e i s s e r t  compound (18)
was added 100 ml o f  c o n c e n t r a t e d  HC1, and th e  m ix tu re  was
h e a te d  on a s team  b a th  f o r  30 min and th e n  c o o le d  t o  room
te m p e r a t u r e .  The m ix tu re  was e x t r a c t e d  w i th  e t h e r ,  and th e
e t h e r a l  l a y e r  was washed w i th  a  NaHCO^ s o l u t i o n .  The aqueous
l a y e r  was washed tw ic e  w i t h  e t h e r  and th e  combined e t h e r
e x t r a c t s  were d r i e d  O^CO^) and c o n c e n t r a t e d  u n d e r  red u ced
p r e s s u r e  t o  g iv e  4 . 1  g (79%) o f  o - n i t r o b e n z a ld e h y d e  (f>) ,
1 ft
mp 35-37° ( l i t  mp 4 4 - 4 5 ° ) .
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A ttem p ted  P r e p a r a t i o n  o f  D i e t h y l  2 - N i t r o b e n z y l id e n e  
M alon ic  E s t e r  (X)* A m ix tu re  o f  7 .0  g (0 .0 4 7  mol) o f  o -  
n i t r o b e n z a ld e h y d e  ( 5 ) ,  10 .0  g (0 .0 8 7  mol) o f  d i e t h y l  m a lo n a te  
( 6 ) ,  0 .6  ml o f  p i p e r i d i n e ,  and 0 .5 4  g o f  b e n z o ic  a c id  i n  4 0 .0  
ml o f  benzene  was h e a te d  u n d e r  r e f l u x  f o r  23 h r  w i th  th e  
w a te r  b e in g  removed by d i s t i l l a t i o n  u n d e r  a  D e a n -S ta rk  t r a p .  
A p p ro x im a te ly  1 ml o f  w a te r  was c o l l e c t e d .  The s o l u t i o n  was 
c o o le d  t o  room te m p e r a tu re  and 10 ml o f  benzene was added .
The m ix tu re  was washed w i th  two 10 ml p o r t i o n s  e a c h  o f  w a te r ,  
1 N HC1, and s a t u r a t e d  NaHCO^. The aqueous l a y e r s  were 
shaken  w i th  a  s i n g l e  10 ml p o r t i o n  o f  b e n z e n e ,  and th e  com­
b in e d  benzene  e x t r a c t s  were d r i e d  o v e r n ig h t  w i th  anhydrous  
^ £ 8 0 ^  and d i s t i l l e d  u n d e r  red u c e d  p r e s s u r e .  The benzene 
was c o l l e c t e d  f i r s t  and th e n  two o t h e r  f r a c t i o n s ,  bp 112- 
116° a t  38 mm (4 .6  g ,  66% y i e l d ) ,  and bp g r e a t e r  th a n  140° 
a t  38 mm. The f i r s t  f r a c t i o n  was l i g h t  y e l lo w  w hereas  th e  
second  was a  d a r k  brown. The i n f r a r e d  sp ec tru m  o f  t h e  f i r s t  
f r a c t i o n  was n e a r l y  i d e n t i c a l  w i t h  t h a t  o f  d i e t h y l  m a lo n a te  
e x c e p t  f o r  a  few p e a k s .  The nmr s p e c t r a  showed an a ld eh y d e  
p r o to n  and p o s s i b l y  a  hydroxy p r o to n  a t  3 .3 6  ppm. T h is  
f r a c t i o n  gave a  p o s i t i v e  2 ,4  DNP t e s t  and , t h e r e f o r e ,  m ust 
be a m ix tu re  o f  s t a r t i n g  m a t e r i a l s .
A ttem p ted  P r e p a r a t i o n  o f  D i e t h y l  2 - N i t r o b e n z y l id e n e  
M alon ic  E s t e r  (_7) . To a  m ix tu re  o f  1 .0  g (0 .0 6 7  mol) o f  
o - n i t r o b e n z a ld e h y d e  (J5) and 1 .8  ml o f  d i e t h y l  m a lo n a te  (6 ) 
was added 5 ml o f  p i p e r i d i n e . T h is  m ix tu re  was a l lo w e d  t o  
s ta n d  a t  room te m p e ra tu re  f o r  10 d a y s .  M o n ito r in g  th e  r e a c ­
t i o n  by nmr showed a  change i n  s i g n a l s  and i n  ch e m ic a l  s h i f t s  
d u r in g  th e  c o u r s e  o f  th e  r e a c t i o n .  The l a s t  nmr ta k e n  showed 
an  hydroxy  p r o to n  s i g n a l  t h a t  d i s a p p e a r s  on a d d i t i o n  o f  D2O. 
T h e r e f o r e ,  th e  a l d o l  r e a c t i o n  d id  o c c u r ,  b u t  a p p a r e n t l y  th e  
p ro d u c t  d id  n o t  d e h y d r a te  to  t h e  d e s i r e d  compound.
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P r e p a r a t i o n  o f  E th y l  2 - N i t r o b e n z y l id e n e  C v a n o a c e ta te
( 9) .  To a m ix tu re  o f  2 5 .0  g (0 .1 6 5  mol) o f  o - n i t r o b e n z a l ­
dehyde (J5) and 19 .0  g (0 .1 6 8  mol) o f  c y a n o a c e t i c  e s t e r  ( 8)  
d i s s o l v e d  i n  150 ml o f  EtOH was added f r e s h l y  p re p a re d  NaOEt 
u n t i l  a  r e d  c o l o r  p e r s i s t e d .  A f t e r  s ta n d in g  f o r  a  few 
m in u te s ,  c r y s t a l s  began t o  p r e c i p i t a t e .  The m ix tu re  was 
f i l t e r e d  and th e  s o l i d  was c o l l e c t e d  and washed s e v e r a l  
t im e s  w i t h  a l c o h o l  u n t i l  th e  f i l t r a t e  was c o l o r l e s s .  The
s o l i d  was a i r  d r i e d  t o  g iv e  36 .2  g (89%) o f  e t h y l  2 - n i t r o -
22b e n z y l id e n e  c y a n o a c e ta te  ( 9 ) ,  mp 91-94° ( l i t  mp 9 6 ° ) .
A ttem pted  P r e p a r a t i o n  o f  E th y l  2 -A m in o -3 -q u in o l in a te
( 1 0 ) .  A m ix tu re  o f  1 .0  g (0 .0 0 4  mol) o f  _9 and 0 .0 1  g o f
PtO_ i n  EtOH was t r e a t e d  w i th  hydrogen  in  a  F i e s e r  h y d ro g en -  
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a t i o n  a p p a r a t u s .  A f t e r  v ig o r o u s  s t i r r i n g  f o r  0 .5  h r ,  a  d a rk  
o l i v e  g re e n  c o l o r  was o b t a i n e d .  The s o l u t i o n  was f i l t e r e d  
and c o n c e n t r a t e d  t o  g iv e  a  g o ld  c o lo r e d  r e s i d u e .  On s t a n d ­
i n g ,  a s m a l l  amount o f  a  b ro w n -g reen  s o l i d ,  mp 1 3 1 -1 3 4 ° ,  was
o b t a i n e d .  R e c r y s t a l l i z a t i o n  from  EtOH gave a  s m a l l  amount o f
22
y e l lo w  s o l i d ,  mp s o f t e n s  105° m e l t s  130°; ( l i t  mp 1 3 5 ° ) ;  uv  
Ho 0 
A 262 nm. max
The same e x p e r im e n ta l  p ro c e d u re  was fo l lo w e d  u s in g  
e t h e r  a s  s o l v e n t .  A p r e c i p i t a t e  formed d u r in g  th e  r e a c t i o n ,  
a s  e x p e c t e d ,  b u t  t h e  s o l i d  m e l te d  a t  213° .
A ttem p ted  P r e p a r a t i o n  o f  E th y l  2 - A m in o -3 -q u in o l in a te  
(10) . A s o l u t i o n  o f  1 .0  g (0 .0 0 4  mol) o f  j) i n  e t h a n o l  was 
h y d ro g e n a te d  o v e r  5%, Pd/C i n  a  F i e s e r  a p p a r a t u s .  The m ix tu re  
was s t i r r e d  u n t i l  no more hydrogen  was a b s o r b e d . The s o l u ­
t i o n  was f i l t e r e d  and th e  r e s i d u a l  s o l i d  was washed s e v e r a l  
t im e s  w i th  EtOH. The f i l t r a t e  was e v a p o ra te d  t o  g iv e  a  
s m a l l  amount o f  e t h y l  2 -a m in o -3 - q u i n o l i n a t e  ( 1 0 ) , mp 133- 
135° . From t h e  f i l t r a t e  was o b ta in e d  a  s m a l l  amount o f  
s o l i d ,  mp 2 1 5 -2 2 0 ° .
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T h is  p ro c e d u re  was r e p e a t e d  u s in g  4 .0  g (0 .0 1 6  mol) 
o f  9_ and 1 .6  g o f  5% Pd/C t o  g iv e  3 .3  g (94%) o f  c ru d e  
y e l lo w  s o l i d .  R e c r y s t a l l i z a t i o n  from h o t  w a te r  gave e t h y l
2 - a m in o - 3 - q u in o l in a t e  ( 1 0 ) ,  mp 135°.
A ttem p ted  P r e p a r a t i o n  o f  2 -A m ino-3-H ydroxym ethyl-  
q u i n o l i n e  (1 1 ) . A m ix tu re  o f  1 .0  g (0 .0 0 4 6  mol) o f  1^ 0 and
2 .8  g o f  LAH i n  anhy d ro u s  e t h e r  was h e a te d  u n d e r  r e f l u x  f o r
24 h r .  A s a t u r a t e d  s o l u t i o n  o f  NaOH i n  w a te r  was added t o  
t h e  r e a c t i o n  m ix tu re  u n t i l  a l l  s o l i d  was i n  s o l u t i o n .  The 
e t h e r  l a y e r  was d e c a n te d  and th e  aqueous l a y e r  was e x t r a c t e d  
s e v e r a l  t im e s  w i t h  e t h e r .  The combined e t h e r  e x t r a c t s  were 
d r i e d  (I^CO^) and c o n c e n t r a t e d  u n d e r  red u c e d  p r e s s u r e  t o  
g iv e  0 .4  g (50%) o f  2 -a m in o -3 -h y d ro x y m e th y lq u in o l in e  (11) .  
R e c r y s t a l l i z a t i o n  from  benzene  gave an a n a l y t i c a l  sam ple ,  
mp 1 96-198° ; i r  (Appendix A, F ig u re  1 ) ;  nmr (Appendix B, 
F ig u r e  1 ) .
A n a l .  C a lcd  f o r  ^2.0^10N2 ^ : ^ 8 .9 5 ;  H, 5 .7 5 ;  N,
1 6 .0 9 .  Found: C, 6 8 .8 7 ;  H, 5 .8 9 ;  N, 1 6 .0 0 .
Many LAH r e d u c t i o n  e x p e r im e n ts  w ere t r i e d  u s in g  
d i f f e r e n t  w ork-up t e c h n iq u e s  i n  o r d e r  t o  improve th e  y i e l d .  
The f o l lo w in g  e x p e r im e n ta l  s e c t i o n  d e s c r i b e s  th e  p ro c e d u re s  
and  th e  r e s u l t s :
(A) The r e a c t i o n  was t r e a t e d  a s  ab o v e ,  how ever, th e  
m ix tu re  was decomposed by a d d i t i o n  o f  c o n c e n t r a t e d  NaOH.
Base was added u n t i l  Al(0H)j was fo rm ed , th e n  th e  e t h e r  l a y e r  
was d e c a n te d ,  and th e  aqueous  l a y e r  was e x t r a c t e d  s e v e r a l  
t im e s  w i th  e t h e r .  T h is  method gave 0 .3  g (37.5%) o f  2 -am in o -
3 - h y d ro x y m e th y lq u in o l in e  ( 1 1 ) , mp 193 -1 9 4 ° .
(B) The r e a c t i o n  was t r e a t e d  as  abo v e ; how ever, th e  
m ix tu re  was decomposed w i th  c o n c e n t r a t e d  NaOH and w orked-up 
t h e  same as  i n  (A) e x c e p t  THF was u s e d  t o  e x t r a c t  th e  s o l i d  
m a t e r i a l .  T h is  method gave 0 .3  g (17%) o f  11, mp 191°.
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(C) The r e a c t i o n  was t r e a t e d  as  abo v e ; how ever, th e  
m ix tu re  was decomposed by a d d i t i o n  o f  c o n c e n t r a t e d  NaOH t o  
th e  i c e  c o ld  m ix tu r e .  The m ix tu re  was c o n t in u o u s ly  e x t r a c ­
t e d  w i t h  e t h e r  t o  g iv e  0 .2  g (15%,) o f  11 ,  mp 195° .
(D) The r e a c t i o n  was t r e a t e d  a s  above ; how ever, th e  
m ix tu re  was decomposed by th e  a d d i t i o n  o f  w a te r .  The e t h e r  
l a y e r  was d e c a n te d ,  and t h e  re m a in in g  s o l i d  was c o n t in u o u s ly  
e x t r a c t e d  w i t h  e t h e r  t o  g iv e  a v e ry  s m a l l  amount o f  an  o i l .
(E) The r e a c t i o n  was t r e a t e d  a s  above; how ever, th e  
m ix tu re  was decomposed by th e  a d d i t i o n  o f  a c e to n e .  Concen­
t r a t e d  HC1 was added u n t i l  th e  m ix tu re  was a c i d i c  t o  l i t m u s ,  
and th e  aqueous l a y e r  was e x t r a c t e d  w i th  e t h e r .  The aqueous 
l a y e r  was th e n  made b a s i c  w i th  NaHCO^ and e x t r a c t e d  w i th  
e t h e r .  The combined e t h e r  e x t r a c t s  were d r i e d  (Na^CO^) and 
c o n c e n t r a t e d  t o  g iv e  a  y e l lo w  o i l  w h ich  showed an a b s o r p t i o n  
band due t o  a  c a r b o n y l  i n  th e  i n f r a r e d .
(F) The r e a c t i o n  was t r e a t e d  a s  above ; how ever, t h e
m ix tu re  was decomposed by th e  a d d i t i o n  o f  s a t u r a t e d  NaOH and
th e n  w a t e r .  The m ix tu r e  was e x t r a c t e d  w i th  e t h e r  t o  g iv e  
1 .2  g o f  c ru d e  s o l i d  w hich  was r e c r y s t a l l i z e d  t o  g iv e  0 .3  g
(19%) o f  p ro d u c t  _11, mp 187-194° .
(G) The r e a c t i o n  was t r e a t e d  a s  above ; how ever, th e
m ix tu re  was decomposed by a d d i t i o n  o f  a  s m a l l  amount o f
w a te r .  E t h e r  s a t u r a t e d  w i t h  w a te r  com ple ted  th e  d eco m p o s i­
t i o n .  The e t h e r  e x t r a c t s  were d r i e d  (Na^CO^) and c o n cen ­
t r a t e d  t o  g iv e  0 .5  g (28%) o f  p ro d u c t  11 , mp 191 -1 9 3 ° .
A ttem p ted  P r e p a r a t i o n  o f  2 -B rom o-3-brom om ethy lqu ino- 
l i n e  ( 1 3 ) . To a  3 - n e c k ,  ro u n d -b o t to m  f l a s k  c o o le d  i n  an  i c e
b a th  and f i t t e d  w i t h  a  m e c h a n ic a l  s t i r r e r ,  a  th e rm o m e te r ,
and a  d ro p p in g  f u n n e l ,  was added 0 .3  g (0 .0 0 1 7  mol) o f  2 - 
a m in o -3 -h y d ro x y m e th y lq u in o l in e  ( 1 1 ) , 0 .5  ml o f  Br^ and 1 .2  
ml o f  40% HBr s lo w ly  w i t h  s t i r r i n g .  A f t e r  th e  a d d i t i o n  o f
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t h e  HBr was c o m p le te d ,  1 .0  g o f  NatK^ in  2 ml o f  w a te r  was 
added s lo w ly  so t h a t  th e  t e m p e r a tu re  d id  n o t  r i s e  above 0° .
As t h e  l a s t  o f  t h e  NaNO^ was added a  v ig o ro u s  e v o l u t i o n  o f  
g a s  o c c u r r e d ,  and th e  t e m p e r a tu re  r o s e  to  5 -1 0 ° .  A f t e r  th e  
r e a c t i o n  was o v e r ,  1 .2  g o f  NaOH i n  w a te r  was added s lo w ly ,  
k e e p in g  th e  t e m p e r a tu re  below  2 5 ° .  The s o l u t i o n  was e x t r a c ­
t e d  w i th  e t h e r ,  and th e  e t h e r  e x t r a c t s  were d r i e d  (I^CO^) 
and c o n c e n t r a t e d  u n d e r  re d u c e d  p r e s s u r e  to  g iv e  a  v e r y  sm a l l  
amount o f  w h i te  s o l i d .  I n  th e  aqueous l a y e r  a red -b ro w n  
s o l i d  was removed and c o l l e c t e d  by f i l t r a t i o n .  The s o l i d  
a f t e r  a i r  d r y i n g ,  m e l te d  a t  139-141° and gave no a b s o r p t i o n  
i n  t h e  i n f r a r e d  s p e c t r a  above 3100 cm ^ i n d i c a t i n g  no NH 
o r  OH.
A ttem p ted  P r e p a r a t i o n  o f  2 -B rom o-3-brom om ethy lqu in -  
o l i n e  ( 1 3 ) . To a s o l u t i o n  o f  0 .5  g o f  LAH i n  100 ml o f  d ry  
e t h e r  was added 2 .0  g (0 .0 0 9  mol) o f  e t h y l  2 - a m in o -3 -q u in o -  
l i n a t e  ( 1 0 ) .  The m ix tu re  was h e a te d  u n d e r  r e f l u x  w i th  
s t i r r i n g  f o r  1 h r  and w a te r  was th e n  added t o  decompose any 
u n r e a c t e d  LAH. The s o l u t i o n  was f i l t e r e d ,  and th e  e t h e r  e x ­
t r a c t s  were c o n c e n t r a t e d  u n d e r  red u c e d  p r e s s u r e  t o  g iv e  a 
s o l i d  w hich  was p la c e d  i n  a  3 -n e c k  ro u n d -b o tto m  f l a s k  s e t  up 
a s  i n  th e  p r e v io u s  e x p e r im e n t .  To th e  s o l i d  was added 7 .2  ml 
o f  48% HBr, 3 .0  ml o f  B r^ , 6 .0  g o f  NaN02 i n  12 ml o f  w a te r  
and decomposed w i t h  7 .2  g o f  NaOH i n  w a te r  k e e p in g  th e  
te m p e r a tu re  a s  i n d i c a t e d  f o r  e a c h  s t e p  i n  t h e  p r e v io u s  e x ­
p e r im e n t .  The s o l u t i o n  was e x t r a c t e d  w i th  e t h e r  and th e  
e t h e r  e x t r a c t s  w ere d r i e d  (I^CO^) and c o n c e n t r a t e d  u n d e r  
re d u c e d  p r e s s u r e  t o  g iv e  no r e s i d u e . The aqueous l a y e r  was 
s a l t e d  w i th  a d d i t i o n a l  and e x t r a c t e d  w i t h  CHCl^. The
CHClg e x t r a c t s  w ere  d r i e d  a s  u s u a l  and c o n c e n t r a t e d  u n d e r  
re d u c e d  p r e s s u r e  t o  g iv e  0 .5  g o f  a  red -b ro w n  s o l i d ,  mp 
1 6 5 -2 1 5 ° .  T h is  s o l i d  was assumed t o  be th e  p e rb ro m id e ,  and
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a f t e r  w ash ing  w i th  NaHSO^ gave a  v e r y  sm a l l  amount o f  brown 
s o l i d ,  mp 2 0 8 -2 1 5 ° .
A ttem pted  P r e p a r a t i o n  o f  2 -A m ino-3 -hydroxym ethv l-  
q u i n o l i n e  ( 1 1 ) . To a  s o l u t i o n  o f  1 .4  g o f  LiBH^ i n  d r y  THF 
i n  a  3 -n e c k ,  500 ml ro u n d -b o t to m  f l a s k  f i t t e d  w i th  a  co n d en so r  
and a  d ro p p in g  f u n n e l ,  was added 1 .0  g (0 .0046  mol) o f  10 
d ro p w ise .  The t o t a l  a d d i t i o n  tim e was 3 .5  h r .  A f t e r  a d d i ­
t i o n  was c o m p le te ,  w a te r  and THF was added s lo w ly  t o  th e  
m ix tu re  t o  decompose any u n r e a c t e d  LiBH^. The re d  THF s o l u ­
t i o n  was d r i e d  (K^CO^) and c o n c e n t r a t e d  u n d e r  red u ced  p r e s ­
s u r e  t o  g iv e  a  re d  s e m i - s o l i d .  E th e r  was added t o  g iv e  a 
y e l lo w  o i l .  The i n f r a r e d  sp ec tru m  was i d e n t i c a l  t o  t h a t  o f  
t h e  s t a r t i n g  m a t e r i a l .
A ttem p ted  P r e p a r a t i o n  o f  2 -A m ino-3 -hydroxym ethy l-  
q u i n o l i n e  ( 1 1 ) .  To a  s t i r r e d  s o l u t i o n  o f  0 .3 0 6  g (0 .0 0 8  
m ol) o f  NaBH^ i n  15 ml o f  d ig lym e was added 2 .1 6  g (0 .0 1  mol) 
o f  TO in  50 ml o f  d ig ly m e .  The r e a c t i o n  m ix tu re  was c o o le d  
i n  an i c e  b a t h ,  and 0 .3 6  g (0 .0027  mol) o f  AlCl^ i n  20 ml 
o f  d ig lym e was added k e e p in g  th e  t e m p e ra tu re  a t  20° ,  w e l l  
below  th e  s u g g e s te d  maximum te m p e ra tu re  o f  5 0 ° .  A f t e r  a l l  
t h e  AlClg was added , th e  m ix tu re  was s t i r r e d  a t  room tem p­
e r a t u r e  f o r  1 h r ,  h e a te d  on a  s team  b a th  f o r  0 .5  h r ,  and 
pou red  o v e r  c ru sh e d  i c e  c o n ta in in g  10 ml o f  c o n c e n t r a t e d  HC1. 
The aqueous l a y e r  was s a t u r a t e d  w i th  ^C O ^  and e x t r a c t e d  
w i t h  e t h e r .  The e t h e r  l a y e r  was d r i e d  (I^CO^) and co n cen ­
t r a t e d  u n d e r  red u ced  p r e s s u r e  t o  y i e l d  a  y e l lo w  o i l ,  th e  
i n f r a r e d  sp ec tru m  o f  w hich  i s  i d e n t i c a l  t o  t h a t  o f  th e  
s t a r t i n g  m a t e r i a l .
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P r e p a r a t i o n  o f  3 - M e th y lq u in o l in e  ( 1 5 ) . To a  s o l u ­
t i o n  o f  1 0 .0  g (0 .7 3 5  mol) o f  o - n i t r o b e n z a ld e h y d e  (f>) and
5 .8  g ( 1 .1  mol) o f  f r e s h l y  d i s t i l l e d  p ro p io n a ld e h y d e  i n  EtOH, 
was added p i p e r i d i n e  u n t i l  t h e  s o l u t i o n  was r e d .  The m ix tu re  
was a l lo w e d  t o  s ta n d  a t  room te m p e ra tu re  f o r  5 d a y s . The 
r e d  s o l u t i o n  was th e n  d i l u t e d  w i th  w a te r  and e x t r a c t e d  w i th  
e t h e r .  The e t h e r  e x t r a c t s  were d r i e d  (I^CO^) and c o n c e n t r a ­
t e d  u n d e r  red u c e d  p r e s s u r e  to  g iv e  16 .7  g ( g r e a t e r  th a n  1007o) 
o f  c ru d e  red -b ro w n  o i l ,  2 - m e th y l - 2 ' - n i t r o c in n a m in a ld e h y d e
( 1 4 ) .
T h is  o i l  was s lo w ly  added t o  a  r e f l u x i n g  s o l u t i o n  o f
9 5 .0  g o f  S n C ^  i n  237 ml o f  c o n c e n t r a t e d  HCl. The m ix tu re
was th e n  made b a s i c  w i th  NaOH and e x t r a c t e d  w i th  e t h e r .  The
e t h e r a l  e x t r a c t s  were d r i e d  (I^CO^) and th e n  shaken  w i th  10%
HCl, and th e  e t h e r a l  l a y e r  was d i s c a r d e d .  The aqueous l a y e r
was made b a s i c  and a g a in  e x t r a c t e d  w i th  e t h e r .  The e t h e r a l
l a y e r  was d r i e d  (K^CO^) and f i l t e r e d .  The f i l t r a t e  was th e n
s a t u r a t e d  w i th  an h y d ro u s  HCl a t  0 ° .  The s a l t  o i l e d  o u t  due
t o  th e  h u m id i ty  and t h e r e f o r e  was made b a s i c  and th e  p ro d u c t
was i s o l a t e d  a s  th e  f r e e  am ine . The l i q u i d  was d i s t i l l e d
u n d e r  red u c e d  p r e s s u r e  o f  a  w a te r  pump t o  a f f o r d  2 .5  g (24%)
o f  pu re  3 -m e th y l  q u i n o l i n e  (15) , bp 108°: ( l i t ^  bp 252-
26
253° a t  760 mm) p i c r a t e  mp 184-188° ( l i t  mp 187.5  ) ;  HCl 
s a l t  mp 235-240° ( l i t 26 mp 2 4 9 ° ) .
A ttem p ted  P r e p a r a t i o n  o f  3 - M e th y lq u in o l in e  ( 1 5 ) .
To a b o u t  500 ml o f  d i s t i l l e d  NH  ^ was added w i th  s t i r r i n g
13 .0  g ( 0 .1  mol) o f  q u i n o l i n e  ( 2 1 ) .  To t h i s  m ix tu re  was 
added 2 .5 2  g (0 .3 6  mol) o f  L i  m e ta l  i n  s m a l l  p i e c e s  one a t  
a t im e .  The r e s u l t i n g  b ro w n -g reen  s o l u t i o n  a f t e r  a d d i t i o n  
o f  th e  L i  was a l lo w e d  t o  s t i r  f o r  1 h r .  The NH  ^ was removed 
by d i s t i l l a t i o n  by g e n t l e  h e a t in g  o f  th e  m ix tu re  on a  s team  
b a t h .  To th e  s o l i d  t h a t  rem ained  was added d ry  THF and th e
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s o l u t i o n  was c o o le d  t o  0 ° .  To t h i s  c o o le d  s o l u t i o n  was 
added 51 .12  g (0 .3 6  m ol) o f  Mel w i th  s t i r r i n g .  The m ix tu re  
was s t i r r e d  f o r  1 h r  a f t e r  a d d i t i o n  was c o m p le te .  The s o l u ­
t i o n  was th e n  c o n c e n t r a t e d ,  w a te r  was ad d ed , and th e  aqueous 
l a y e r  was e x t r a c t e d  s e v e r a l  t im e s  w i th  e t h e r .  The e t h e r  e x ­
t r a c t s  were d r i e d  (K^CO^) and c o n c e n t r a t e d  u n d e r  red u ced  
p r e s s u r e  t o  y i e l d  a  r e d  o i l  w hich  by nmr and i r  a n a l y s i s  
a p p e a re d  t o  be m o s t ly  q u i n o l i n e  c o n t a i n i n g  a  v e ry  s m a l l  
amount o f  3 - m e th y lq u in o l in e  (15) .
The same r e a c t i o n  was a t te m p te d  u s in g  Na i n s t e a d  o f  
L i ,  how ever, th e  r e s u l t s  w ere th e  same a s  above .
P r e p a r a t i o n  o f  a - M e th y la c r o le in  (33) .  To a 3 - l i t e r
3 -n e c k  ro u n d -b o t to m  f l a s k  eq u ip p ed  w i th  a r e f l u x  c o n d e n se r  
was added 2 5 3 .6  g (3 .1 2  mol) o f  d im e th y lam in e  h y d r o c h lo r id e ,
1 6 3 .0  g (2 .4 0  m ol) o f  p ro p io n a ld e h y d e  (32) ( f r e s h l y  d i s ­
t i l l e d )  and f i n a l l y  237 g o f  37% f o r m a l in  s o l u t i o n .  The 
m ix tu re  was h e a te d  a t  60° f o r  6 h r  i n  an o i l  b a th ,  and a t  
t h e  end o f  t h i s  t im e th e  m ix tu re  was s team  d i s t i l l e d .  N e a r ly  
a l l  th e  p ro d u c t  was c o l l e c t e d  in  th e  f i r s t  500 ml o f  d i s ­
t i l l a t e ;  how ever, a n o th e r  20-30 ml o f  p ro d u c t  was o b ta in e d  
i n  th e  n e x t  1500 ml o f  d i s t i l l a t e .  The combined d i s t i l l a t e s  
w ere  d i s t i l l e d  and th e  f r a c t i o n  w h ich  b o i l e d  from 60 t o  90° 
a t  760 mm was c o l l e c t e d  a s  th e  p r o d u c t .  R e d i s t i l l a t i o n  o f  
t h i s  f r a c t i o n  gave 1 6 5 .8  g (98.6%) o f  a - m e t h y la c r o l e i n  ( 3 3 ) ,  
bp 62-70° a t  760 mm ( l i t 27 bp 6 8 .4 °  a t  760 mm).
P r e p a r a t i o n  o f  3 -M e th y lq u in o l in e  ( 1 5 ) .  To a  m ix tu re
o f  1 8 .8  g (0 .0 6 8  m ol) o f  FeSO^, 4 1 .2  g (0 .4 4 4  mol) o f  a n i l i n e  
( 3 4 ) ,  2 5 .0  g (0 .1 8  mol) o f  o - n i t r o p h e n o l  and 55 .2  ml o f  
I^SO^ a t  140° was added 4 1 .2  g (0 .5 7 2  mol) o f  a - m e th y la c r o ­
l e i n  ( 3 3 ) .  The m ix tu re  was h e a te d  u n d e r  r e f l u x  f o r  3 .5  h r  
and th e  e x c e s s  o - n i t r o p h e n o l  was c o l l e c t e d  by s team  d i s t i l ­
l a t i o n .  The m ix tu re  was th e n  made b a s i c  w i t h  c o n c e n t r a t e d
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NaOH and th e  3 - m e th y lq u in o l in e  (15) was c o l l e c t e d  by s team  
d i s t i l l a t i o n .  The d i s t i l l a t e  was e x t r a c t e d  w i th  e t h e r  and 
t h e  e t h e r  e x t r a c t s  d r i e d  (^ C O ^ )  and c o n c e n t r a t e d  u n d e r  r e ­
duced  p r e s s u r e  to  g iv e  3 1 .4  g (49.5%) o f  3 - m e th y lq u in o l in e
( 1 5 ) ,  bp 138° a t  27 mm a f t e r  one d i s t i l l a t i o n .  T h is  3- 
m e th y lq u in o l in e  (15) was i d e n t i c a l  t o  a p r e v io u s ly  p r e p a re d  
s a m p le .
P r e p a r a t i o n  o f  3 -M e th y lq u in o l in e -N -o x id e  ( 3 6 ) . A 
m ix tu re  o f  2 5 .0  g (0 .1 7 5  mol) o f  3 - m e th y lq u in o l in e  (15) ,
100 ml o f  g l a c i a l  HOAc and 170 ml o f  30% ^2^2 WaS ^eatec  ^ a t  
70-80° f o r  3 h r .  An a d d i t i o n a l  11 .0  ml o f  30% Was
added and h e a t i n g  was c o n t in u e d  f o r  a n o th e r  9 h r .  The r e d  
s o l u t i o n  was th e n  d i l u t e d  w i th  w a te r  and CHCl^ and shaken  
w i t h  an aqueous s o l u t i o n  o f  u n t i l  no f u r t h e r  e v o lu ­
t i o n  o f  g a s  was s e e n .  The CHCl^ l a y e r  was drawn o f f  and 
th e  aqueous l a y e r  was e x t r a c t e d  w i th  two 10 ml p o r t i o n s  o f  
CHClg- The combined CHCl^ e x t r a c t s  w ere d r i e d  (K^CO^) and 
c o n c e n t r a t e d  u n d e r  red u ced  p r e s s u r e  t o  g iv e  22.0  g (80%) 
o f  3 -m e th y lq u in o l in e - N -o x id e  ( 3 6 ) , mp 8 0 -8 4 ° .  An a n a l y t i c a l  
sample was p re g a re d  by r e c r y s t a l l i z a t i o n  from  b e n z e n e /h e x a n e , 
mp 82-84° ( l i t  mp 8 6 - 8 7 ° ) .
P r e p a r a t i o n  o f  2 - C h lo ro - 3 - m e th y lq u in o l in e  ( 2 6 ) . To 
200 ml o f  POClg was added 2 0 .0  g (0 .1 2 6  mol) o f  3 -m e th y l ­
q u in o l in e - N - o x id e  (3 6 ) c a u t i o u s l y .  The e x o th e rm ic  r e a c t i o n  
was c o n t r o l l e d  by c o o l in g  th e  r e a c t i o n  f l a s k  in  an i c e  b a t h .  
A f t e r  a d d i t i o n  was co m p le te  th e  m ix tu re  was h e a te d  u n d e r  r e ­
f l u x  f o r  15 min i n  an o i l  b a th  and th e n  poured  o v e r  100 g o f  
c ru sh e d  i c e .  (When ru n  on a  l a r g e  s c a l e ,  c a r e  m ust be ta k e n  
when decom posing  t h e  e x c e s s  POCl^. I t  sh o u ld  be added d r o p -  
w ise  t o  th e  c ru sh e d  i c e  w i th  s u f f i c i e n t  s t i r r i n g  i n  o r d e r  t o  
p r e v e n t  a  v i o l e n t  e x o th e rm ic  r e a c t i o n . )  The m ix tu re  was 
made s t r o n g l y  a l k a l i n e  w i t h  a  c o n c e n t r a t e d  KOH s o l u t i o n  and
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e x t r a c t e d  w i t h  e t h e r .  The e t h e r  e x t r a c t s  were d r i e d  
(I^COg) and c o n c e n t r a t e d  u n d e r  red u c e d  p r e s s u r e  to  a f f o r d  
a  brown s o l i d . T h is  s o l i d  was d i s s o l v e d  in  low b o i l i n g  
p e t ro le u m  e t h e r  and b a s i c  a lu m in a  was added . The m ix tu re  
was s t i r r e d  f o r  10 min and f i l t e r e d  t o  g iv e  a y e l lo w  f i l ­
t r a t e  w hich  when c o n c e n t r a t e d  u n d e r  red u c e d  p r e s s u r e  gave 
1 7 .3  g (78%) o f  c ru d e  2 - c h l o r o - 3 - m e th y lq u in o l in e  (26) . Re­
c r y s t a l l i z a t i o n  o f  th e  s o l i d  from  hexane gave w h i te  n e e d l e s ,  
6 8mp 82-84° ( l i t  mp 8 9 - 9 0 ° ) ;  i r  and nmr a r e  c o n s i s t e n t  w i th  
th e  d e s i r e d  p ro d u c t  2 6 .
P r e p a r a t i o n  o f  2 -C h lo ro -3 -b ro m o m e th y lq u in o l in e  ( 2 9 ) . 
To a  s o l u t i o n  o f  14 .7  g (0 .0 8 2  mol) o f  2 - c h lo r o - 3 - m e th y l -  
q u i n o l i n e  (26) i n  300 ml o f  d ry  CCl^, was added 1 4 .8  g 
(0 .0 8 2  mol) o f  NBS and 0 .1  g o f  d i b e n z o y l p e r o x i d e . The 
m ix tu re  was h e a te d  u n d e r  r e f l u x  w i th  a  100 w a t t  lamp f o r  
11 h r .  A f t e r  t h i s  t im e  th e  m ix tu re  was c o o le d  and f i l t e r e d ,  
and th e  f i l t r a t e  was c o n c e n t r a t e d  u n d e r  red u ced  p r e s s u r e  t o  
a f f o r d  2 0 .0  g (95%) o f  29 a s  a  w h i te  s o l i d .  R e c r y s t a l l i z a ­
t i o n  from  hexane gave 2 -c h lo ro -3 -b ro m o m e th y lq u in o l in e  (29) 
a s  w h i te  n e e d l e s ,  mp 121-125°; i r  (A ppendix A, F ig u re  2 ) ;  
nmr (A ppendix B, F ig u re  2 ) .
A n a l .  C alcd  f o r  C^qH^B^N :  C, 4 6 .8 3 ;  H, 2 .7 5 ;  N, 
5 .4 6 .  Found: C, 4 6 .8 2 ;  H, 2 .9 0 ;  N, 5 .4 2 .
P r e p a r a t i o n  o f  2 -H y d ro x y -3 -m e th y lc in c h o n in ic  Acid
( 2 4 ) A m ix tu re  o f  500 g ( 3 .4  mol) o f  i s a t i n  (22) and 885 
g ( 6 .8  m ol) o f  p r o p io n ic  a n h y d r id e  was s t i r r e d  m e c h a n ic a l ly  
and h e a te d  u n d e r  r e f l u x  f o r  2 .5  h r .  A f t e r  t h i s  t im e  th e  
r e s u l t i n g  o ran g e  s o l u t i o n  was a l lo w ed  t o  c o o l  t o  room tem p­
e r a t u r e  and th e  s o l i d  was removed by f i l t r a t i o n  and washed 
w e l l  w i th  e t h e r .  A f t e r  d r y in g ,  556 g (81%) o f  1 - p r o p io n y l  
i s a t i n  (23) , mp 1 4 0 -1 4 1 ° ,  was o b t a in e d .
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To a m e c h a n ic a l ly  s t i r r e d  m ix tu re  o f  221 g (1 .0 9  mol) 
o f  u n p u r i f i e d  1 - p ro p io n y l  i s a t i n  i n  3000 ml o f  w a te r  was 
added 90 g (2 .2 5  m ol) o f  NaOH p e l l e t s .  The m ix tu re  was 
h e a te d  t o  b o i l i n g  f o r  1 h r  and s u b s e q u e n t ly  t r e a t e d  w i th  
15 g o f  N o r i t  A. A f t e r  10 min th e  m ix tu re  was f i l t e r e d  
th ro u g h  C e l i t e  t o  a f f o r d  a  l i g h t  y e l lo w  s o l u t i o n  t h a t  was
n e u t r a l i z e d  w i th  350 ml o f  6 N HCl w i t h  m e c h a n ic a l  s t i r r i n g .
69The r e s u l t a n t  y e l lo w  powder, 2 4 , mp 321-323° ( l i t  mp 315-
3 1 7 ° ) ,  w eighed 103 g (46%). From t h e  f i l t r a t e  was o b ta in e d
67 g o f  i s a t i n  ( 2 2 ) ,  mp 204-205° ( l i t  1 9 7 -2 0 0 ° ) .  The
y i e l d  o f  24 b ased  on consumed i s a t i n  was 81%.
A ttem p ted  P r e p a r a t i o n  o f  3 -M e th y l -2 -q u in o lo n e  ( 2 5 ) .
2 -H y d ro x y -3 -m e th y lc in c h o n in ic  a c id  (2 4 ) 1 .0  g (0 .0 0 4 9  mol) 
was h e a te d  a t  190° a t  13 mm f o r  s e v e r a l  h o u r s .  A w h i te  
s o l i d  had su b lim ed  d u r in g  t h i s  t im e  and m e l te d  a t  3 1 5 -3 1 9 ° . 
The s o l i d  was i d e n t i c a l  t o  th e  s t a r t i n g  m a t e r i a l  2 4 , mp 
31 5 -3 1 7 ° .
A ttem p ted  P r e p a r a t i o n  o f  M ethy l 2 -H y d ro x y -3 -m e th y l-  
c in c h o n in a t e  ( 3 5 ) . To 1 .0  g (0 .0 0 2  mol) o f  1 - p ro p io n y l  
i s a t i n  (23) i n  MeOH was added NaOMe u n t i l  t h e  s o l u t i o n  tu rn e d  
a  d a rk  r e d .  The s o l u t i o n  was h e a te d  u n d e r  r e f l u x  f o r  10 min 
and c o o le d .  The m ix tu re  was c o n c e n t r a t e d  and a c i d i f i e d  b u t  
no p r e c i p i t a t e  fo rm ed . E t h e r  was added and a  w h i te  s o l i d  
p r e c i p i t a t e d .  The s o l i d  was removed by f i l t r a t i o n  t o  g iv e
1 .0  g (100%) r e c o v e ry  o f  s t a r t i n g  m a t e r i a l  2 3 , mp 140-141° .
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P r e p a r a t i o n  o f  3 -M e th y l -2 -q u in o lo n e  ( 2 5 ) . A 
m ix tu re  o f  30 g (0 .1 4 8  mol) o f  co p p e r  powder and 100 g o f  
f r e s h l y  d i s t i l l e d  q u i n o l i n e  was s t i r r e d  and h e a te d  f o r  5 h r  
a t  235° .  A f t e r  t h i s  t im e ,  65 g o f  q u i n o l i n e  was removed by 
d i s t i l l a t i o n  an d ,  on c o o l i n g ,  c ru d e  3 - m e th y l - 2 -q u in o lo n e  
(25) p r e c i p i t a t e d .  The s o l i d  was washed w i t h  p e t ro le u m
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e t h e r  (bp 3 0 - 6 0 ° ) ,  t r e a t e d  w i th  N o r i t  A i n  i s o p r o p y l  a l c o h o l  
s o l u t i o n ,  and r e c r y s t a l l i z e d  from  i s o p r o p y l  a l c o h o l  t o  g iv e  
16 g (687o) o f  3 -m e th y l -2 -q u in o lo n e  ( 2 5 ) ,  mp 238-240° (lit^"*  
mp 2 3 4 -2 3 5 ° ) .
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P r e p a r a t i o n  o f  2 - C h lo ro - 3 - m e th y lq u in o l in e  ( 2 6 ) .  A 
m ix tu re  o f  5 .0  g (0 .0 3 1  mol) o f  25_ and 100 ml o f  phosp h o ru s  
o x y c h lo r id e  (POCl^) was s t i r r e d  and h e a te d  u n d e r  r e f l u x  f o r  
2 h r .  The h o t  r e a c t i o n  m ix tu re  was th e n  s lo w ly  poured  w i th  
s t i r r i n g  o n to  400 g o f  c ru sh e d  i c e .  The m ix tu re  was e x ­
t r a c t e d  w i th  m e th y len e  c h l o r i d e  and t h i s  e x t r a c t  was d r i e d  
( I^C O g). A f t e r  f i l t r a t i o n  and c o n c e n t r a t i o n ,  a  red -b row n  
o i l  was o b ta in e d  w hich  s o l i d i f i e d  on c o o l in g .  A f t e r  r e ­
c r y s t a l l i z a t i o n  o f  th e  c ru d e  s o l i d  from  h ex an e ,  4 .9  g (887>)
o f  2 - c h lo r o - 3 - m e th y lq u in o l in e  (26) was o b ta in e d  as  w h i te
35c r y s t a l s ,  mp 83-84° ( l i t  mp 8 9 - 9 0 ° ) .
7 ?P r e p a r a t i o n  o f  2 -B ro m o -3 -m e th y lq u in o l in e  ( 2 7 ) .
A m ix tu re  o f  5 .0  g (0 .0 3 1  mol) o f  2_5 and 12 .70  g (0 .0 4 5  mol) 
o f  phosphorus  oxybromide (POBr^) was s t i r r e d  a t  140° f o r  3 
h r . A f t e r  t h i s  tim e t h e  m ix tu re  was pou red  o n to  200 g o f  
c ru sh e d  i c e  and s u b s e q u e n t ly  e x t r a c t e d  w i th  b o th  600 ml o f  
m e th y le n e  c h l o r i d e  and w a te r .  When th e  s o l u t i o n  was com­
p l e t e ,  t h e  l a y e r s  were s e p a r a t e d  and th e  aqueous l a y e r  was 
e x t r a c t e d  w i th  150 ml o f  m e th y len e  c h l o r i d e . The combined 
o r g a n ic  l a y e r s  w ere washed w i th  150 ml o f  w a t e r ,  d r i e d  
(MgSO^), f i l t e r e d ,  and c o n c e n t r a t e d  u n d e r  red u ced  p r e s s u r e  
t o  y i e l d  5 .7 8  g (83%) o f  2 - b ro m o -3 -m e th y lq u in o l in e  (27) as  
a  t a n  s o l i d .  The s o l i d  was r e c r y s t a l l i z e d  from hexane t o  
a f f o r d  an a n a l y t i c a l  sam ple t h a t  m e l te d  a t  9 6 -9 7 ° ;  i r  
(A ppendix A, F ig u re  3 ) ;  nmr (Appendix B, F ig u re  3 ) .
A n a l .  C alcd  f o r  C^HgBrN: C, 5 4 .0 7 ;  H, 3 .6 4 ;  N, 
6 .3 1 .  Found: C, 5 4 .4 1 ;  H, 3 .5 8 ;  N, 6 .3 6 .
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P r e p a r a t i o n  o f  2 -C h lo ro - 3 - m e th v lq u in o l in e  Hydro-
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c h l o r i d e  ( 2 6 a ) . 2 - C h lo ro - 3 - m e th y lq u in o l in e  (2 6 ) was d i s ­
s o lv e d  i n  e t h e r  and anhydrous  HCl was b u bb led  i n t o  th e  s o l u ­
t i o n  u n t i l  p r e c i p i t a t i o n  was c o m p le te .  The s o l i d  was removed 
by f i l t r a t i o n ,  washed w i t h  e t h e r ,  and d r i e d  to  g iv e  26a ; mp 
2 1 5 -2 1 8 ° ;  i r  (Appendix A, F ig u re  4 ) ;  nmr (Appendix B, F ig u re  
4 ) .
A n a l .  Calcd  f o r  C^qH^C^N: C, 5 6 .1 1 ;  H, 4 .2 4 ;
N, 6 .5 4 .  Found: C, 5 6 .3 4 ;  H, 4 .0 5 ;  N, 6 .6 1 .
72P r e p a r a t i o n  o f  2 - Io d o - 3 - m e th y lq u in o l in e  ( 2 8 ) .
To a  s t i r r e d  m ix tu re  o f  2 4 .0  g (0 .1 1 2  m ol) o f  26a i n  600 ml 
o f  m e th y l  e t h y l  k e to n e  (MEK) was added 60 ml o f  a  s a t u r a t e d  
aqueous  s o l u t i o n  o f sodium  i o d i d e .  The s o l u t i o n  was h e a te d  
u n d e r  r e f l u x  f o r  24 h r .  The s o lv e n t  was removed by d i s t i l l a ­
t i o n  and e x c e s s  w a te r  was added . The brown s o l i d  w hich  p r e ­
c i p i t a t e d  was t r e a t e d  w i t h  s a t u r a t e d  aqueous sodium b i c a r ­
b o n a te  and e t h e r .  The aqueous l a y e r  was e x t r a c t e d  w i th  
c h lo ro fo rm ,  and th e  combined o r g a n ic  p h ases  were washed w i th  
aqueous  sodium b i s u l f i t e ,  d r i e d  (MgSO^), f i l t e r e d ,  and 
c o n c e n t r a t e d  u n d e r  re d u c e d  p r e s s u r e  to  y i e l d  a  l i g h t  re d  
o i l  t h a t  s o l i d i f i e d  on th e  a d d i t i o n  o f  h ex an e . R e c r y s t a l ­
l i z a t i o n  o f  th e  s o l i d  from  hexane gave 19 .4  g (60%) o f  2 -  
io d o - 3 - m e th y lq u in o l in e  (28) a s  long  n e e d l e s ,  mp 8 7 -8 9 ° ;  
i r  (Appendix A, F ig u re  5 ) ;  nmr (Appendix B, F ig u re  5 ) .
A n a l .  C alcd  f o r  Ci n HQIN: C, 4 4 .6 4 ;  H, 3 .0 0 ;  N, 5 .2 1 .
1U o
Found: C, 4 4 .5 6 ;  H, 2 .8 2 ;  N, 5 .1 3 .
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P r e p a r a t i o n  o f  2 -B ro m o -3 -b ro m o m eth y lq u in o lin e  ( 3 1 ) .
To a  s o l u t i o n  o f  14.22 g (0 .0 6 4  mol) o f  2 -b ro m o -3 -m e th y l-  
q u i n o l i n e  (27) i n  a b o u t  300 ml o f  d ry  CCl^ was added 11 .39  
g (0 .0 6 4  mol) o f  N -b rom osucc in im ide  (NBS) a lo n g  w i th  0 .1  g 
o f  d ib e n z o y l  p e r o x id e .  The m ix tu re  was h e a te d  w i th  a  100 
w a t t  lamp and r e f l u x  was c o n t in u e d  f o r  11 h r .  The m ix tu re
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was c o o le d  and f i l t e r e d .  The s o l i d  was washed w i th  CC1, ,4
and th e  f i l t r a t e  was e v a p o ra te d  u n d e r  red u ced  p r e s s u r e  to  
a f f o r d  18 .65  g (93%) o f  2 -b ro m o -3 -b ro m o m eth y lq u in o lin e  ( 3 1 ) , 
mp 1 3 6 -1 3 8 ° ; i r  (Appendix A, F ig u re  6) ;  nmr (Appendix B, 
F ig u r e  6 ) .
A n a l .  C a lcd  f o r  C1()H7Br2N: C, 3 9 .9 0 ;  H, 2 .3 5 ;  N,
4 . 6 5 .  Found: C, 4 0 .2 0 ;  H, 2 .2 7 ;  N, 4 .8 3 .
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P r e p a r a t i o n  o f  2 - Io d o -3 -b ro m o m e th y lq u in o l in e  ( 3 0 ) .
A m ix tu re  o f  1 9 .4  g (0 .0 7 2  mol) o f  2 - io d o - 3 - m e th y lq u in o l in e  
( 2 8 ) ,  1 3 .3  g (0 .0 7 2  mol) o f  NBS and 0 .1  g o f  d ib e n z o y l  p e r ­
o x id e  i n  a b o u t  300 ml o f  d ry  CCl^ was h e a te d  u n d e r  r e f l u x  by 
means o f  a  100 w a t t  lamp f o r  6 .5  h r .  The m ix tu re  was th e n  
c o o le d  and th e  i n s o l u b l e  s o l i d  c o l l e c t e d  by f i l t r a t i o n .  The
brown s o l i d  was washed w i th  CC1, and th e  f i l t r a t e  con cen -4
t r a t e d  by e v a p o r a t io n  u n d e r  red u c e d  p r e s s u r e .  The f i l t r a t e  
was washed w i th  a  s o l u t i o n  o f  sodium b i s u l f i t e , d r i e d  (I^COg) 
and c o n c e n t r a t e d  by e v a p o r a t i o n  u n d e r  re d u c e d  p r e s s u r e  to  
g iv e  11 .0  g (457o) o f  2 - io d o -3 -b ro m o m e th y lq u in o l in e  (30) , 
mp 1 2 5 -1 2 8 ° ; i r  (Appendix A, F ig u re  7 ) ;  nmr (Appendix B, 
F ig u re  7 ) .
A n a l .  C a lcd  f o r  Ci n HQNI: C, 3 4 .5 2 ;  H, 2 .0 3 ;  N,
1U o
4 .0 2 .  Found: C, 3 4 .8 2 ;  H, 2 .0 3 ;  N, 3 .8 9 .
72P r e p a r a t i o n  o f  3 -B ro m o m eth y l-2 -q u in o lo n e  ( 3 6 ) .
To a  s o l u t i o n  o f  5 .0  g (0 .0 3 1  mol) o f  3 - m e th y l -2 -q u in o lo n e
( 25) in  100 ml o f  d ry  CCl^ was added 5 .6  g (0 .0 3 1  mol) o f
NBS and 0 .1  g o f  d ib e n z o y l  p e r o x id e .  The m ix tu re  was h e a te d
u n d e r  r e f l u x  f o r  18 .5  h r .  The m ix tu re  was th e n  c o o le d  and
f i l t e r e d .  The s o l i d  was washed w i th  CC1,, and th e  f i l t r a t e4
was c o n c e n t r a t e d  u n d e r  red u ced  p r e s s u r e  t o  g iv e  5 .4  g o f
3 -b ro m o m e th y l-2 -q u in o lo n e  ( 3 6 ) , mp 2 1 8 -2 1 9 ° ; i r  (Appendix A, 
F ig u r e  8) ;  nmr (A ppendix B, F ig u re  8) .
A n a l .  C a lcd  f o r  C^HgBrNO: C, 5 0 .4 5 ;  H, 3 .3 8 ;  N,
5 .8 8 .  Found: C, 5 0 .1 7 ;  H, 3 .3 4 ;  N, 5 .8 5 .
71
P r e p a r a t i o n  o f  4 -B ro m o -p -p ic o l in e  N -ox ide  ( 3 9 ) .
To 7 4 .9  g (0 .4 8 3  m ol) o f  4 - n i t r o - f 3 - p i c o l i n e  N -ox ide  (38) 
was added a b o u t  400 ml o f  40% hydrobrom ic  a c i d .  The m ix­
t u r e  was h e a te d  u n d e r  r e f l u x  f o r  44 h r ,  c o o le d  t o  room 
te m p e ra tu re  and c o n c e n t r a t e d  to  ab o u t  100 ml by e v a p o r a t io n  
u n d e r  re d u c e d  p r e s s u r e .  The m ix tu re  was th e n  poured  o v er  
c ru sh e d  i c e  and made b a s i c  w i t h  ^ C O ^ .  The aqueous s o l u ­
t i o n  was e x t r a c t e d  w i t h  c h lo ro fo rm ,  and th e  c h lo ro fo rm  
e x t r a c t s  were d r i e d  (I^CO^) and c o n c e n t r a t e d  u n d e r  red u ced  
p r e s s u r e  t o  g iv e  73 .5  g (81%) o f  4 - b r o m o - p -p ic o l in e  N -oxide  
(39) a s  a  y e l lo w  s o l i d ,  mp 8 5 -9 3 ° .  R e c r y s t a l l i z a t i o n  o f  
th e  s o l i d  from  b en z e n e /h e x a n e  gave y e l lo w  c r y s t a l s ,  mp 95- 
99° ( l i t 17 mp 1 1 0 -1 1 1 ° ) .
P r e p a r a t i o n  o f  E th y l  2 -H y d ro x y -2 - (3*- m e th y l - 4 1 - 
p y r i d y l ) b u t y r a t e  N -o x id e  ( 4 2 ) .  To 1 .0  g (4 .5  mmol) o f  
e t h y l  2 -h y d ro x y -2 - ( 3*- m e th y l - 4 1- p y r i d y l ) b u t y r a t e  (41) was 
added 5 ml o f  40% p e r o x y a c e t i c  a c id  w i th  s t i r r i n g .  The 
m ix tu re  was h e a te d  u n d e r  r e f l u x  f o r  0 .7 5  h r ,  poured  o v e r  
c ru sh e d  i c e ,  and made b a s ic  w i t h  K^CO^. The m ix tu re  was 
e x t r a c t e d  s e v e r a l  t im e s  w i th  c h lo ro fo rm ,  and th e  c h lo ro fo rm  
e x t r a c t s  were d r i e d  (I^CO^) and c o n c e n t r a t e d  u n d e r  red u ced  
p r e s s u r e  t o  g iv e  1 .1  g (100%,) o f  th e  N -ox ide  ( 4 2 ) ,  mp 
s o f t e n s  135° m e l t s  1 6 3 -1 6 6 ° ,  ( l i t 17 1 7 5 .5 -1 7 6 ° ) .
P r e p a r a t i o n  o f  E th y l  2 -H y d ro x y -2 - (3 * - m e th y l - 4 1- 
p y r i d y l - 2 ' ( 6 * ) - c h l o r o ) b u t y r a t e  ( 4 3 ) .  To 18 .2  g (0 .0 7 1  mol) 
o f  t h e  N -ox ide  (42) was added 100 ml o f  phosphorus  oxy- 
c h l o r i d e . The s o l u t i o n  was s t i r r e d  and h e a te d  u n d e r  r e f l u x  
f o r  20 m in , c o o le d  t o  room t e m p e r a tu r e ,  and c o n c e n t r a t e d  to  
a b o u t  20 ml u n d e r  red u ced  p r e s s u r e .  The m ix tu re  was th e n  
poured  o v e r  c ru sh e d  i c e ,  n e u t r a l i z e d  w i th  and e x t r a c t e d
s e v e r a l  t im e s  w i th  c h lo ro fo rm .  The c h lo ro fo rm  e x t r a c t s  were 
d r i e d  (ICCO,,) and c o n c e n t r a t e d  u n d e r  red u ced  p r e s s u r e  t o
g iv e  1 9 .2  g (98%) o f  c ru d e  p ro d u c t  a s  an  o i l  whose i r  and 
nmr s p e c t r a  showed th e  fo l lo w in g  s i g n a l s  w hich  were i d e n t i c a l  
t o  th o s e  r e p o r t e d  by B r i s t o l :  i r  ( n e a t )  3480, 1740, 1590
and 750 cm- 1 ; nmr (CD Cl^ <T 0 .9 5  ( t ,  3H, CH3) (J=7 c p s ) ,
1 .2 2  ( t ,  3H, CH3 J=7 c p s ) ,  2 .2 4  (q ,  2H, CH2 , 3 ^ = 7  c p s ) ,
4 .2 5  (q ,  2H, CH2 , J=7 c p s ) ,  5 .0 4  ( s ,  1H, OH, 7 .4 - 8 .2 5  (m,
2H, A rH ).
P r e p a r a t i o n  o f  E th y l  2 -H y d ro x y -2 - (3 1-b ro m o m eth y l-4 1- 
p y r i d y l - 2 * ( 6 1) - c h l o r o ) b u t y r a t e  ( 4 4 ) .  To 19 .2  g (0 .0 7 5  mol) 
o f  c ru d e  43 from above was added 200 ml o f  d ry  CCl^, 16 .9  g 
(0 .0 9 5  mol) o f  r e c r y s t a l l i z e d  NBS, and 0 .1  g o f  d ib e n z o y l  
p e r o x id e .  The m ix tu re  was h e a te d  u n d e r  r e f l u x  by means o f  
a  100 w a t t  b u lb  f o r  3 .5  h r .  The m ix tu re  was th e n  c o o le d  
and f i l t e r e d  t o  remove th e  s u c c in im id e .  The y e l lo w  f i l t r a t e  
was c o n c e n t r a t e d  u n d e r  red u ced  p r e s s u r e  t o  g iv e  a  re d  o i l  
w h ich  s t i l l  c o n ta in e d  some s t a r t i n g  m a t e r i a l .  More CCl^ 
was added to  th e  o i l ,  and to  t h i s  was added 10 .0  g (0 .0 5 6  
m ol) o f  NBS and 0 .1  g o f  d ib e n z o y l  p e r o x id e .  The m ix tu re  
was h e a te d  a s  b e f o r e  f o r  2 .5  h r  and worked up as  above to  
g iv e  2 3 .3  g (92.5%) o f  r e d  o i l  44 i d e n t i c a l  i n  i r  and nmr 
s p e c t r a  t o  a p r e v i o u s l y  p re p a re d  sam p le1^ o f  e t h y l  2 -h y d ro x y -
2 - (3 1 -b ro m o m e th y l-4 1- p y r i d y l - 2 '  ( 6 ' ) - c h l o r o ) b u t y r a t e  ( 4 4 ) ; 
i r  3450, 1740, 1595, 750 cm"1; nmr (CDCLj) £  1 .0  ( t ,  2H,
CH3 , 3=7  c p s ) ,  1 .3 3  ( t ,  3H, CRj, 3=7  c p s ) ,  2 .2 4  (q ,  2H,
CH2 j J a b =7 c p s ) ,  4 .3 2  (q ,  2H, CH2 , J Afi=7 c p s ) ,  4 .8 8  (m, 2H, 
ArCH2) ,  7 . 2 - 8 .6 (m, 2H, ArH).
P r e p a r a t i o n  o f  E t h y l  2 -H y d ro x y -2 - (2 , - ( 6 ) - c h l o r o - 3 1- 
a c e to x y m e th y l - 4 1- p y r i d y l ) b u t y r a t e  (45) . To 2 7 .3  g (0 .0 8 1  
mol) o f  44 was added 3 7 .8  g (0 .3 8 6  mol) o f  p o ta s s iu m  a c e t a t e  
and 200 ml o f  g l a c i a l  a c e t i c  a c i d .  The m ix tu re  was h e a te d  
t o  110° f o r  a b o u t  12 h r  and c o o le d  t o  room t e m p e r a t u r e . The 
s o l u t i o n  was th e n  poured  o v e r  c ru sh e d  i c e  and made n e u t r a l
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t o  l i t m u s  w i t h  N a H C O ^  a n d  t h e n  K ^ C O ^ .  T h e  b a s i c  s o l u t i o n  
w a s  e x t r a c t e d  w i t h  c h l o r o f o r m  a n d  t h e  c h l o r o f o r m  e x t r a c t s  
w e r e  d r i e d  ( K ^ C O ^ )  a n d  e v a p o r a t e d  u n d e r  r e d u c e d  p r e s s u r e  t o  
g i v e  2 2 . 1  g  ( 8 7 % )  o f  e t h y l  2 - h y d r o x y - 2 - ( 2 1 - ( 6 ) - c h l o r o - 3 1 -  
a c e t o x y m e t h y l - 4 ' - p y r i d y l ) b u t y r a t e  ( 4 5 )  a s  a  b r o w n  o i l  
i d e n t i c a l  i n  i r  a n d  n m r  s p e c t r a  t o  a  p r e v i o u s l y  p r e p a r e d  
s a m p l e 1 7 ; i r  3 4 6 0 ,  1 7 5 0 ,  1 6 0 0 ,  7 5 0  c m  ^; n m r  ( C D C l ^ )  £
0 .9 4  ( t ,  3H, CH3) ,  1 .2 4  ( t ,  3H, CH3 , J=7 c p s ) ,  2 .0 9  (m, 5H,
CH2 and CH3) , 4 .2 4  (q ,  2H, CH2 , J=7 c p s ) ,  5 .2 5  ( s ,  1H, OH),
5 .6  (m, 2H, CH2 ) ,  7 . 2 - 8 .6 (m, 2H, ArH).
P r e p a r a t i o n  o f  7 - C h lo r o p y r i d o ( 5 ,4 - c ) 2 - o x o - 3 - e t h y l -
3 - h y d r o x y - 3 ,6 - d ih y d ro p y ra n  ( 4 6 ) .  A s o l u t i o n  o f  6 .5  g
(0 .0 2 6  mol) o f  th e  c ru d e  a c e t a t e  (45) i n  50 ml o f  2 N KOH/MeOH 
and 50 ml o f  w a te r  was h e a te d  u n d e r  r e f l u x  f o r  2 .5  h r .  The 
s o l u t i o n  was th e n  pou red  i n t o  200 ml o f  w a t e r ,  made a c i d i c  
w i t h  85 ml o f  10% HCl and s t i r r e d  f o r  20 m in . The m ix tu re  
was th e n  made s l i g h t l y  b a s i c  w i th  NaHC03 and e x t r a c t e d  w i th  
c h lo ro fo rm .  The c h lo ro fo rm  e x t r a c t s  w ere d r i e d  (K2C03) and 
c o n c e n t r a t e d  u n d e r  re d u c e d  p r e s s u r e  t o  g iv e  2 .0  g (347o) o f
7 - c h l o r o p y r i d o ( 5 ,4 - c ) 2 - o x o - 3 - e t h y 1 - 3 -h y d ro x y -3 , 6 -d ih y d ro p y ra n
(46) a s  a  c ru d e  brown o i l  whose i r  and nmr s p e c t r a  were 
i d e n t i c a l  to  a  p r e v i o u s l y  p r e p a re d  s a m p le . 17 H e a t in g  o f  
t h i s  o i l  u n d e r  p r e s s u r e  gave a  w h i te  s o l i d  t h a t  was r e s u b ­
lim ed  t o  g iv e  723 mg (12.3%) o f  7 - c h lo r o p y r i d o ( 5 ,4 - c ) 2 - o x o -
3 - e th y l - 3 - h y d r o x y - 3 ,6 - d ih y d r o p y r a n  (4 6 ) a s  a  w h i te  s o l i d ,  
mp 1 13 .5 -116°  ( l i t 17 mp 1 1 6 -1 1 9 ° ) .
P r e p a r a t i o n  o f  a  M ix tu re  o f  C h lo ro  and o x o -P v r id o -  
d ih y d ro p y ra n s  ( 4 6 - 4 9 ) . When 1 .0  g (0 .00326  mol) o f  45 was 
s t i r r e d  a t  room te m p e r a tu re  f o r  72 h r  i n  12 ml o f  6 N HCl 
and th e  s o l u t i o n  was e v a p o ra te d  t o  d r y n e s s ,  0 .7  g (95%) o f  
c ru d e  y e llo w -b ro w n  o i l  was o b ta in e d .  The nmr sp e c tru m  o f
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t h i s  o i l  showed i t  t o  be a  m ix tu re  o f  a l l  p o s s i b l e  p r o d u c t s .  
One d ro p  o f  NH^OH was added t o  th e  o i l  and th e  s o l u t i o n  was 
e x t r a c t e d  w i th  h o t  hexane and h o t  p e tro le u m  e t h e r . The 
combined o rg a n ic  e x t r a c t s  were c o n c e n t r a t e d  u n d e r  red u ced  
p r e s s u r e  t o  g iv e  0 .3 5  g (47%) o f  a  y e l lo w  o i l  t h a t  c o n ta in s  
m o s t ly  2 - c h l o r o  D and E r i n g s  (46) w i t h  a  v e ry  s m a l l  amount 
o f  47 and 48 a n d /o r  49 a c c o rd in g  to  nmr a n a l y s i s .  The nmr 
o f  th e  o i l  gave  a  d o u b le t  a t  8 .9  ppm w hich  showed i t  t o  
c o n t a i n  a  m a jo r  amount o f  2 - c h l o r o  D and E r i n g s  ( 4 6 ) .  The 
p r e s e n c e  o f  a  m u l t i p l e t  a t  8 . 1- 8 .3  ppm a l s o  showed th e  
p r e s e n c e  o f  6 - c h l o r o  D and E r i n g s ,  and f i n a l l y  a  d o u b le t  
a t  6 .9  ppm can  be a t t r i b u t e d  t o  th e  3-h y d ro g en  i n  th e  2 -  
p y r id o n e  D and E r in g  (48) .  S u b l im a t io n  o f  th e  brown 
i n s o l u b l e  o i l  gave no p r o d u c t .
A ttem p ted  P r e p a r a t i o n  o f  7 -E th o x y p y r id o ( 5 ,4 - c ) 2 -o x o -
3 - e th y l - 3 - h y d r o x y - 3 ,6 - d ih y d r o p y r a n  ( 5 4 ) .  To a  few mg o f  2- 
c h l o r o  D and E r in g  (46) i n  e t h a n o l  was added NaOEt. The 
m ix tu r e  was h e a te d  u n d e r  r e f l u x  f o r  24 h r  and t h e r e  was no 
change o b se rv e d  i n  th e  u l t r a v i o l e t  s p e c t r a .  I f  th e  r e a c t i o n  
had o c c u r re d  a  b a th o ch ro m ic  s h i f t  o f  a p p ro x im a te ly  10 nm 
would be e x p e c t e d .
A ttem p ted  P r e p a r a t i o n  o f  E th y l  2 -H ydroxy-2 - (3 1 -
m e t h y l - 4 1- ( 2 1 - p y r i d o ) ) b u t y r a t e  (5 5 ) .  To 0 .5  g (0 .0019  mol)
o f  e t h y l  2 -h y d ro x y -2 (3 1- m e t h y l - 4 ' - p y r i d y l ) b u t y r a t e  N -oxide
(42) was added 10 ml o f  a c e t i c  a n h y d r id e . The m ix tu re  was
h e a te d  u n d e r  r e f l u x  f o r  18 h r  and th e  a c e t i c  a n h y d r id e  was
H 0e v a p o r a te d  u n d e r  re d u c e d  p r e s s u r e  t o  g iv e  a  brown o i l ,  7 ^2^ 
262 and 211 nm. To t h i s  o i l  was added 10 ml o f  c o n c e n t r a t e d  
HCl. The m ix tu re  was h e a te d  u n d e r  r e f l u x  f o r  24 h r  and t h e r e  
was no change i n  th e  u l t r a v i o l e t  s p e c t r a ,  i n d i c a t i n g  t h a t  
t h e  p y r id o n e  had n o t  fo rm ed .
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P h o t o l y s i s  o f  46 . A few mg o f  46 was p h o to ly z e d
i n  c o n c e n t r a t e d  HCl (225 ml) f o r  30 m in . At th e  end o f  t h i s
H 0t im e  th e  u l t r a v i o l e t  s p e c t r a  had changed from  A 2 270 nm
Hof) max
t o  A 2 300, 265 and 223 nm. I t  was a p p a r e n t  t h a t  t h e  d e ­max *
s i r e d  p y r id o n e  was formed and d id  n o t  d im e r iz e  f o r  t h e  300 
nm band i n  th e  u l t r a v i o l e t  s p e c t r a  i s  i n d i c a t i v e  o f  a  2 -  
p y r id o n e .
P r e p a r a t i o n  o f  t h e  2 1-N a p h th y lm e th y l  I o d id e  S a l t  o f  
7 - I o d o p y r i d o ( 5 .4 - c ) - 2 - o x o - 3 - e t h y l - 3 - h y d r o x y - 3 , 6-d ih y d ro p y ra n  
( 5 7 ) .  To 200 mg ( 0 .8  mol) o f  2 - c h l o r o  D and E r in g  (46) and 
200 mg (0 .8 8  mmol) o f  2 -b ro m o m eth y ln ap h th a len e  (56) was added 
300 mg o f  sodium i o d i d e .  The m ix tu re  was h e a te d  u n d e r  n i t r o ­
gen i n  an o i l  b a t h .  When th e  b a th  t e m p e ra tu re  re a c h e d  155°, 
a s o l i d  had fo rm ed , and th e  h e a t in g  was d i s c o n t i n u e d .  E th y l  
a c e t a t e  was ad d ed , and th e  i n s o l u b l e  s o l i d  was s e p a r a t e d  by 
f i l t r a t i o n  and washed w i th  w a te r  and e t h e r .  The s o l i d ,  a f t e r  
d r y in g ,  was 410 mg (80%) o f  th e  q u a t e r n a r y  s a l t  ( 5 7 ) ,  mp 
1 8 2 .5 -1 8 4 ° ;  i r  (Appendix A, F ig u re  9 ) ;  nmr (Appendix B,
F ig u re  9 ) .
A n a l .  C alcd  f o r  C2 ^H^gN^02l 2 : 0 ,  4 2 .9 5 ;  H, 3 .2 6 ;
N, 2 .3 8 .  Found: C, 4 2 .5 4 ;  H, 3 .2 5 ;  N, 2 .4 8 .
P r e p a r a t i o n  o f  t h e  2 ’ -N a p th y lm e th y l -7 -o x o p y r id o -  
( 5 ,4 - c ) - 2 - o x o - 3 - e t h y l - 3 - h y d r o x y - 3 ,6 - d i h y d r o p y r a n  (59) . A 
s o l u t i o n  o f  90 mg (0 .0 1 5  mmol) o f  th e  d i - i o d o  p y r id in iu m  
s a l t  (57) from above in  d im e th y l s u l f o x id e  was a l lo w ed  t o  
s ta n d  f o r  11 days a t  room te m p e r a tu r e .  The s o l u t i o n  was 
added t o  w a te r  and e x t r a c t e d  w i th  e t h e r . The e t h e r  e x t r a c t s  
were washed w i th  a  sodium b i s u l f i t e  s o l u t i o n  t o  remove th e  
i o d i n e ,  d r i e d  (^ C O ^ )  and c o n c e n t r a t e d  u n d e r  red u ced  p r e s s u r e  
t o  g iv e  20 mg (387o) o f  th e  2 -n a p th y lm e th y l  p y r id o n e  a n a lo g  
o f  c a m p to th e c in  (59) as  a  w h i te  s o l i d ,  mp 1 83-185° ; i r  
(Appendix A, F ig u re  1 0 ) ;  nmr (Appendix B, F ig u re  1 0 ) .
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P r e p a r a t i o n  o f  1 - (o -C h lo r o b e n z y l ) -3 - m e th y lp y r id in iu m  
73C h lo r id e  ( 6 2 a ) .  To 3 .0  g (0 .0 3 1  m ol) o f  p - p i c o l i n e  was
added 5 .0  g (0 .0 3 1  mol) o f  o - c h lo r o b e n z y lc h lo r id e  i n  a c e to n e .
The m ix tu re  was h e a te d  u n d e r  r e f l u x  f o r  1 h r .  At t h i s  tim e
a  tw o - la y e r  sy s tem  was o b ta in e d .  The v i s c o u s  o i l y  bo ttom
l a y e r  ( re d )  was s e p a r a t e d ,  and a f t e r  c r y s t a l l i z a t i o n  from
e t h a n o l  and e t h y l  a c e t a t e  f a i l e d ,  benzene was added t o  th e
o i l .  W ater was removed by a z e o t r o p i c  d i s t i l l a t i o n  u s in g  a
D e a n -S ta rk  t r a p  t o  a f f o r d  6 .9  g ( 86%) 1 - ( o - c h l o r o b e n z y l ) -3 -
m e th y lp y r id in iu m  c h l o r i d e  (6 2 a) a s  a w h i te  s o l i d ,  mp 128-
13 0 ° ; i r  (A ppendix A, F ig u re  11 );  nmr (Appendix B, F ig u re  11)
AH2 °  267 nm (4451) & 275 sh  (3 3 3 6 ) .  max v
A n a l .  C alcd  f o r  C ^ H ^ C ^ N :  C, 6 1 .4 2 ;  H, 5 .1 6 ;  N,
5 .5 1 .  Found: C, 6 1 .2 4 ;  H, 5 .4 1 ;  N, 5 .4 3 .
P r e p a r a t i o n  o f  1 - ( o - C h lo r o b e n z y l ) - 2 .4 - d im e th y l -
73
pyridinium Chloride (62b) . A solution of 8 .7 5  g (0 .0 5
mol) of o-chlorobenzyl chloride and 5 .3 6  g (0 .0 5  mol) of
2 . 4 - l u t i d i n e  i n  10 ml o f  s u l f o l a n e  was a l lo w e d  t o  s ta n d  a t  
room te m p e r a tu re  u n t i l  p r e c i p i t a t i o n  was c o m p le te .  Ob­
t a i n e d  was 1 0 .8  g (81%) o f  6 2 b , mp 2 1 0 -2 1 1 ° ; nmr (TFA); £
7 .9 8  (d ,  1H, a - p y r ) ; 7 .4 7 - 6 .5 8  (m, 6H, ArH); 5 .4 2  ( s ,  2H,
CH0 ) ; 2 .5 0  ( s ,  3H, a-CH„) and 2 .3 0  ( s ,  3H, f r '-C H j; uv  AH2°2 \ > 3/ > 5 * 2 ' max
262 nm (5 5 0 5 ) .
A n a l .  C alcd  f o r  C ^ H ^ C ^ N :  C, 6 2 .6 9 ;  H, 5 .6 4 ;
N, 5 .2 2 .  Found: C, 6 2 .6 7 ;  H, 5 .6 2 ;  N, 5 .1 0 .
P r e p a r a t i o n  o f  1 - (o -C h lo r o b e n z y l ) - 3 ,4 - d im e th y l -  
p y r id in iu m  C h lo r id e  (62c) To 2 .6 8  g (0 .0 2 5  mol) o f
3 . 4 - l u t i d i n e  was added 4 .4 0  g (0 .0 2 5  mol) o f  o - c h lo ro b e n z y l  
c h l o r i d e  in  10 ml o f  s u l f o l a n e .  The m ix tu re  was s t i r r e d  a t  
room te m p e r a tu re  f o r  3 d a y s ,  f i l t e r e d ,  and th e  s o l i d  was 
c o l l e c t e d  and d r i e d  t o  g iv e  6 .3 1  g (94%) o f  6 2 c , mp 2 0 0 -2 0 1 ° ;  
i r  (Appendix A, F ig u re  1 2 ) ;  nmr (Appendix B, F ig u re  12); uv
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AH2° 262 nm (4 7 2 2 ) .  max N ,
A n a l .  Calcd  f o r  C ^ H ^ - C ^ N ^ H ^ O : C, 6 0 .6 5 ;  H,
5 .8 3 ;  N, 5 .0 5 .  Found: C, 6 0 .7 4 ;  H, 5 .5 5 ;  N, 5 .0 5 .
P r e p a r a t i o n  o f  l -B e n z y l -2 -b ro m o p y r id in e  P y r id in iu m  
Bromide (60) . To 7 .9  g (0 .0 5  mol) o f  2 -b ro m o p y r id in e  in  
a c e to n e  was added 8 .3  g (0 .0 5  mol) o f  b e n z y lb ro m id e . The 
m ix tu re  was h e a te d  u n d e r  r e f l u x  f o r  24 h r  and f i l t e r e d .  The
w h i te  s o l i d  t h a t  was o b ta in e d  was r e c r y s t a l l i z e d  from e t h a n o l
AQt o  g iv e  7 .1  g (43%) o f  60 , mp 1 6 2 .5 -1 6 3 .5 °  ( l i t "  mp 162- 
1 6 3 ° ) .
P r e p a r a t i o n  o f  1 - ( 2 - C h lo r o - 3 - q u in o lv lm e th y l ) -3 -  
m e th y lp y r id in iu m  Bromide (6 4 a ) . A m ix tu re  o f  2 .5 6  g 
(0 .0 1 0  mol) o f  2 - c h lo ro -3 -b ro m o m e th y lq u in o l in e  (29) and 
0 .9 3  g (0 .0 1 0  mol) o f  p - p i c o l i n e  i n  30 ml o f  s u l f o l a n e  was 
s t i r r e d  a t  room te m p e ra tu re  f o r  4 d a y s .  A f t e r  t h i s  t im e  
th e  m ix tu re  was d i l u t e d  w i th  e t h e r ,  and th e  s o l i d  was s e p ­
a r a t e d  by f i l t r a t i o n  and d r i e d .  R e c r y s t a l l i z a t i o n  o f  th e
s o l i d  from a 4 :1  m ix tu re  o f  e t h y l  a c e t a t e / a b s o l u t e  e th a n o l
gave 2 .57  g (74%) o f  64a a s  t a n  c r y s t a l s ,  mp 2 0 8 -2 0 9 ° .
A n a l .  C alcd  f o r  C , . Br Cl N„ : C, 5 4 .9 5 ;  H, 4 .0 4 ;lb  1A Z
N, 8 .0 1 .  Found: C, 5 5 .2 9 ;  H, 4 .0 1 ;  N, 7 .9 9 ;  i r  (Appendix A,
H 0F ig u re  1 4 ) ;  nmr (Appendix B, F ig u re  1 4 ) ;  u v  A  2 267 nmmax
(6 9 1 6 ) ,  293 (2 9 5 7 ) ,  307 (3173) and 321 (3 2 8 7 ) .
P r e p a r a t i o n  o f  l - ( 2 - B r o m o - 3 - q u in o ly lm e th y l ) - 3 -
m e th y lp y r id in iu m  Bromide (64a i) . U sing  th e  p ro c e d u re
above 5 .0  g (0 .1 6 6  m ol) o f  2-bromo-3-bromomet h y l q u i n o l i n e
(31) and 1 .5 4  g (0 .0 1 6 6  m ol) o f  p - p i c o l i n e  i n  40 ml o f
s u l f o l a n e  g a v e ,  a f t e r  18 h r ,  5 .5 8  g (84%.) o f  6 4 a ^ ,  mp 204-
2 0 6 ° ;  nmr (Appendix B, F ig u re  1 5 ) ;  uv A^2® 267 nm (7 8 1 2 ) ,max
295 (3 4 4 8 ) ,  308 (3 7 8 2 ) ,  and 322 (3 9 0 0 ) .
A n a l .  Calcd  f o r  c ^6H^4Br2N2 : C* 75; H, 3 .5 9 ;
N, 7 .1 1 .  Found: C, 4 9 .0 7 ;  H, 3 .5 0 ;  N, 7 .1 7 .
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A n a l.  C alcd  f o r  H20: C ’ ^ 0 .3 7 ;  H>
5 . 6 1 j N, 3 .9 2 .  Found: C, 7 0 .1 1 ;  H, 5 .6 1 ;  N, 4 .2 3 .
1 - (o -C h lo ro b e n z y l ) -4 -m e th y lp y r id in iu m  C h lo r id e  ( 6 2 d ) . ^  
A s o l u t i o n  o f  17 .5  g (0 .1 0  mol) o f  £ - c h lo r o b e n z y l  c h l o r id e  
and 9 .3  g (0 .1 0  mol o f  y ~ p i c o l i n e  i n  20 ml o f  s u l f o l a n e  was 
s t i r r e d  a t  room te m p e ra tu re  f o r  3 d a y s .  The m ix tu re  was 
d i l u t e d  w i th  e t h e r ,  and th e  s o l i d  w hich  s e p a r a t e d  was i s o ­
l a t e d  by f i l t r a t i o n  and d r i e d .  R e c r y s t a l l i z a t i o n  o f  th e  
s o l i d  from  a c e t o n i t r i l e  e t h e r  gave 2 1 .2  g (84%) o f  62d, mp 
2 0 8 -2 0 9 .5 ° ;  i r  (Appendix A, F ig u re  1 3 ) ;  nmr (Appendix B,
F ig u re  1 3 ) ;  uv A^2° 256 nm (3832) and 275 sh  (5 6 9 ) .
A n a l .  C alcd  f o r  C ^ H ^ C ^ N :  c, 6 1 .4 2 ;  H, 5 .1 6 ;  N,
5 .5 1 .  Found: C, 6 1 .7 4 ;  H, 5 .1 7 ;  N, 5 .5 3 .
P r e p a r a t i o n  o f  l - ( 2 - B r o m o -3 - q u in o ly lm e th y l ) -4 - m e th y l -
73p y r id in iu m  Bromide (6 4 b ) . U sing  th e  p ro c e d u re  above , 5 .0
g (0 .0166  mol) o f  2 -b ro m o -3 -b ro m o m eth y lq u in o lin e  (31) and
1 .5 4  g (0 .0166  mol) o f  ^ - p i c o l i n e  i n  40 ml o f  s u l f o l a n e  g a v e ,
a f t e r  18 h r ,  6 .4 4  g (98%) o f  6 4 b , mp 2 0 5-207° ; i r  (Appendix
H 0A, F ig u re  1 5 ) ;  nmr (Appendix B, F ig u re  1 6 ) ;  uv  A 2 240 nm
ITlclX
(6 7 2 1 3 ) ,  295 (4 0 7 0 ) ,  308 (4 4 8 6 ) ,  and 322 (4 6 6 1 ) .
A n a l .  C alcd  f o r  c 15^ 14Br2N2 ; C> ^ 8 .7 5 ;  H, 3 .5 8 ;  N,
7 .0 7 .  Found: C, 4 8 .8 6 ;  H, 3 .5 8 ;  N, 7 .0 6 .
P r e p a r a t i o n  o f  1 - ( 2 - I o d o -3 - q u in o ly lm e th v l ) - 4 - m e th y l -
73p y r id in iu m  Bromide (64b^ ) . U sing  th e  p ro c e d u re  ab o v e , 2 .0
g (0 .0 0 5 8  mol) o f  2 - io d o - 3 - m e th y lq u in o l in e  (28) and 0 .5 3 5  g
(0 .0 0 5 8  mol) o f  ^ - p i c o l i n e  in  10 ml o f  s u l f o l a n e  gave a f t e r
24 h r ,  1 .9 0  g (75%) o f  64b^ ,  mp 2 2 1 -2 2 3 ° ;  i r  (Appendix A,
F ig u re  1 6 ) ;  nmr (A ppendix B, F ig u re  1 7 ) ;  uv  AH2^ 234 ( 5 2 ,1 0 0 ) ,max
311 (4 9 8 0 ) ,  and 325 nm (5 3 5 0 ) .
A n a l .  C a lcd  f o r  C ^ g H ^ B r l ^ :  C, 4 3 .5 7 ;  H, 3 .2 0 ;  N,
6 .3 2 .  Found: C, 4 3 .7 5 ;  H, 3 .2 2 ;  N, 6 .1 6 .
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P r e p a r a t i o n  o f  l - ( 2 - O x o - l ,2 - d i h v d r o - 3 - q u i n o l v l m e t h y l )
734 -m e th y lp y r id in iu m  Bromide (65b) . To 2 .0  g (0 .0 0 8 4  mol) 
o f  3 -b ro m o m e th y l-2 -q u in o lo n e  (36) i n  30 ml o f  s u l f o l a n e  was 
added 0 .7 8  g (0 .0 0 8 4  mol) o f  ^ - p i c o l i n e .  The m ix tu re  was 
s t i r r e d  a t  room te m p e ra tu re  f o r  0 .5  h r  and a s o l i d  p r e c i p ­
i t a t e d  from  s o l u t i o n .  The s o l i d  was c o l l e c t e d  by f i l t r a t i o n  
and washed w i th  e t h e r  t o  g iv e  2 .6  g (94%) o f  l - ( 2 - o x o - l , 2 -  
d ih y d r o - 3 - q u in o ly lm e th y l ) - 4 - m e th y lp y r id in iu m  brom ide (6 5 b ) ,  
mp 2 5 5 -2 5 8 ° ;  i r  (Appendix A, F ig u re  1 9 ) ;  nmr (Appendix B, 
F ig u re  2 0 ) ;  uv AH2° 225 nm ( 3 3 ,5 0 0 ) ,  247 ( 1 1 ,1 4 0 ) ,  263
ItlclX
(8 3 2 0 ) ,  275 (8400) and 331 (6 6 8 0 ) .
A n a l .  C alcd  f o r  C^^H^^BrN^O: C, 5 8 .0 2 ;  H, 4 .5 6 ;
N, 8 .4 6 .  Found: C, 5 8 .1 3 ;  H, 4 .5 6 ;  N, 8 .5 8 .
P r e p a r a t i o n  o f  3 - M e t h y l p y r id o ( 2 , l - a ) i s o i n d o l i u m  
Bromide ( 6 3 a ) . ^  A s o l u t i o n  o f  3 .7 1  g (0 .0146  mol) o f  1- 
( o - c h lo r o b e n z y l ) - 3 - m e th y lp y r id in iu m  c h l o r i d e  (6 2 a) i n  650 ml 
o f  w a te r  was p h o to ly z e d  f o r  23 h r  u s in g  a  v y c o r  f i l t e r  
s l e e v e .  The s o l u t i o n  was c o n c e n t r a t e d  u n d e r  red u ced  p r e s ­
s u re  l e a v in g  a  brown sy rup  w hich  was d i s s o l v e d  i n  10 ml o f  
m e th a n o l .  A c e to n e ,  125 m l, was added and th e  f l o c c u l e n t  
p r e c i p i t a t e  was removed by f i l t r a t i o n  and 300 ml o f  e t h y l  
a c e t a t e  was ad d ed . The p r e c i p i t a t e  t h a t  formed was removed 
and r e c r y s t a l l i z e d  from  e t h y l  a c e t a t e - a b s o l u t e  e t h a n o l  t o  
g iv e  1 .05 g (33%) o f  3 - m e th y lp y r id o ( 2 , 1 - a ) i s o in d o l iu m  bromide 
( 6 3 a ) ,  mp 235°d ; nmr (TFA); £  8 .4 9  (d ,  1H, a - p y r ,  J=7 c p s ) ;  
8 .1 1 -7 .8 2  (m, 2H, p- and y - p y r ) ; 7 .5 6 -7 .2 9  (m, 4H, ArH);
5 .6 4  ( s ,  2H, CH2 ) and 2 .8 3  ( s ,  3H, CH3 ) ; uv 250 sh
(1 2 0 0 ) ,  254 ( 1 3 ,3 0 4 ) ,  and 317 ( 1 2 ,1 5 2 ) .
A n a l .  C alcd  f o r  C ^ H ^ C IN :  c ,  7 1 .7 1 ;  H, 5 .5 6 ;  N,
6 .4 3 .  Found: C, 7 1 .3 0 ;  H, 5 .5 7 ;  N, 6 .1 5 .
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P r e p a r a t i o n  o f  2 .4 -D im e th y lp y r id o ( 2 . 1 - a ) i s o in d o l iu m  
73Bromide (6 3 b ) .  F o l lo w in g  th e  p ro c e d u re  a s  i n  th e  p r e p a ­
r a t i o n  o f  6 3 a , 2 .8  g (0 .0105  mol) o f  1 - ( o - c h l o r o b e n z y l ) - 2 , 4 -  
d im e th y lp y r id in iu m  c h l o r i d e  in  650 ml o f  w a te r  was p h o to -  
ly z e d  f o r  7 h r .  R e c r y s t a l l i z a t i o n  o f  t h e  r e s i d u e  from e t h y l  
a c e t a t e - a b s o l u t e  e t h a n o l  gave 1 .15 g (47%) o f  2 ,4 - d im e th y l -  
p y r i d o ( 2 , 1 - a ) i s o i n d o l i u m  bromide ( 6 3 b ) , mp 290°d ; i r  
(Appendix A, F ig u re  2 0 ) ;  nmr (TFA) cf 8 .1 5 -7 .4 5  (m, 6H, ArH); 
5 .6 8  ( s ,  2H, CH2) ;  2 .9 0  ( s ,  3H, a -C H ^  and 2 .7 6  ( s ,  3H,
CH3 ) ;  u v  253 ( 1 0 ,8 6 7 ) ,  257 (1 1 ,9 0 7 )  and 310 nm ( 1 4 ,1 0 4 ) .
A n a l .  Calcd  f o r  C ^ H ^ C IN :  C, 7 2 .5 5 ;  H, 6 .1 0 ;  N,
6 .0 4 .  Found: C, 7 2 .7 1 ;  H, 6 .0 6 ;  N, 5 .7 0 .
P r e p a r a t i o n  o f  3 ,4 -  and 4 ,5 - D i m e t h y l p y r i d o ( 2 ,1 - a ) -
73i s o in d o l iu m  Bromide ( 6 3 c ) . F o llo w in g  th e  p ro c e d u re  a s  in  
t h e  p r e p a r a t i o n  o f  6 3 a , 3 .9 2  g (0 .0146  mol) o f  1 - ( o - c h l o r o ­
b e n z y l)  - 3 , 4 - d im e th y lp y r id in iu m  c h l o r i d e  (6 2 c) i n  650 ml o f  
w a te r  was p h o to ly z e d  f o r  3 4 .5  h r .  R e c r y s t a l l i z a t i o n  o f  t h e  
r e s i d u e  from  e t h y l  a c e t a t e - a b s o l u t e  e t h a n o l  gave 0 .6 7  g 
(20%) o f  a  m ix tu re  o f  3 , 4 - d im e th y lp y r id o ( 2 , 1 - a ) i s o in d o l iu m  
brom ide (6 3 c ^) and 4 , 5 - d im e th y lp y r id o ( 2 , 1 - a ) i s o in d o l iu m  
brom ide (6 3 cn ) , mp 2 6 8 ° .  The m ix tu re  was n o t  s e p a r a t e d ;  
how ever, nmr a n a l y s i s  by m easu rin g  th e  a r e a  u n d e r  t h e  m e th y l  
s i g n a l s  o f  t h e  m ix tu re  showed ab o u t 677. o f  6 3 c and 33% o f  
63c„ t o  be p r e s e n t ;  i r  (Appendix A, F ig u re  2 1 ) ;  nmr (Appendix
B, F ig u re  2 1 ) ;  uv AH2 °  225 ( 1 4 ,9 0 0 ) ,  252 ( 1 2 ,1 9 0 ) ,  260max
(1 1 ,7 0 0 )  and 311 nm ( 1 0 ,2 9 0 ) .
A n a l .  Calcd f o r  C ^ H ^ C I N - ^  H20 : C, 7 0 .7 2 ;  H, 6 .2 2 ;
N, 5 .8 9 .  Found: C, 7 0 .5 8 ;  H, 5 .9 9 ;  N, 6 .0 8 .
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P r e p a r a t i o n  o f  4 - M e th y lp y r id o ( 2 .1 - a ) i s o in d o l iu m  
Bromide (63d) . F o llo w in g  th e  p ro c e d u re  as  i n  th e  p r e p ­
a r a t i o n  o f  6 3 a , 3 .7 1  g (0 .0146  mol) o f  1 - ( o - c h l o r o b e n z y l ) -
4 - m e th y lp y r id in iu m  c h l o r i d e  (62d) i n  650 ml o f  w a te r  was 
p h o to ly z e d  f o r  19 h r .  R e c r y s t a l l i z a t i o n  o f  th e  r e s i d u e  from 
e t h y l  a c e t a t e - a b s o l u t e  e t h a n o l  gave 0 .6 2  g (20%) o f  4 -m e th y l -  
p y r i d o ( 2 , 1 - a ) i s o i n d o l i u m  brom ide ( 6 3 d ) , mp 244 d ;  nmr (TFA);
6  8 .7 4  (d ,  1H, a - p y r ,  J=7 c p s ) ;  8 .0 8 -7 .8 6  (m, 2H, g - p y r ) ;
7 .6 9 - 7 .4 4  (m, 4H, ArH); 5 .6 4  ( s ,  2H, CH2 ) and 2 .6 3  ( s ,  3H, 
CH.,); uv  AH2 °  223 sh  ( 1 4 ,4 6 4 ) ,  250 ( 1 0 ,8 9 3 ) ,  257 (1 1 ,6 0 7 )
j  ITlciX
and 308 nm ( 1 0 ,6 2 5 ) .
A n a l .  C alcd  f o r  C ^ H ^ C IN :  C, 7 1 .7 1 ;  H, 5 .5 6 ;  N,
6 .4 3 .  Found: C, 7 1 .5 4 ;  H, 5 .7 3 ;  N, 6 .1 9 .
P r e p a r a t i o n  o f  P y r i d o ( 2 , 1 - a ) i s o in d o l iu m  Bromide ( 6 1 ) .
A s o l u t i o n  o f  2 .0  g (0 .0 0 6 1  m ol) o f  l -b e n z y l -2 -b ro m o p y r id in iu m
bromide (60) in 630 ml of 10% HBr was photolyzed using a
P yrex  f i l t e r  f o r  4 .5  h r .  The s o l u t i o n  was e v a p o ra te d  t o
d r y n e s s  and th e  r e s i d u e  was r e c r y s t a l l i z e d  from a b s o lu t e
e t h a n o l - e t h e r  t o  g iv e  1 .0  g (65%) o f  p y r id o ( 2 ,1 - a ) i s o i n d o l i u m
49brom ide ( 6 1 ) ,  mp 1 9 6 -2 0 0 ° ; ( l i t * *  2 0 7 .5 - 2 0 9 .5 ° ) .
P h o t o l y s i s  o f  l - ( 2 - C h l o r o - 3 - q u i n o l v l m e t h y l ) - 3 -
73m e th y lp y r id in iu m  Bromide ( 6 4 a ) . A s o l u t i o n  o f  1 .4  g 
(0 .00466  mol) o f  1 - ( 2 - c h lo r o - 3 - q u i n o l y l m e t h y l ) - 3 - m e t h y l -  
p y r id in iu m  (6 4 a ) i n  630 ml o f  10% HBr was p h o to ly z e d  as  
u s u a l  f o r  19 h r .  The aqueous s o l u t i o n  was c o n c e n t r a t e d  
u n d e r  red u ced  p r e s s u r e  t o  g iv e  a  s o l i d ,  mp 2 1 5 -2 2 0 ° .  The 
u l t r a v i o l e t  and n u c l e a r  m a g n e t ic  re so n a n c e  and i n f r a r e d  
s p e c t r a l  d a t a  a r e  c o n s i s t e n t  w i th  t h a t  o f  th e  q u in o lo n e
I -< 2 -o x o -3 -q u in o ly lm e th y l ) - 3 -m e th y lp y r id in iu m  brom ide ( 6 5 a ) ,  
and n o t  t h e  c y c l i z e d  p r o d u c t .
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P r e p a r a t i o n  o f  E th y l  1 ' - ( 2 - C h lo r o - 3 - q u in o ly lm e th y l ) -
2 - h y d r o x y - 3 '- m e th y l - 4 1- p y r id in iu m  Bromide B u ty ra te  ( 6 4 c ) .
To 0 .5 0  g (0 .0022  mol) o f  e t h y l  2 - h y d r o x y - 2 - ( 3 1- m e th y l - 4 ’ - 
p y r i d y l )  b u t y r a t e  (41) i n  5 ml o f  a c e to n e  was added 0 .5 7  g 
(0 .0022  mol) o f  2 - c h lo ro -3 -b ro m o m e th y lq u in o l in e  (29) . The 
m ix tu re  was h e a te d  u n d e r  r e f l u x  on a  s team  b a t h  f o r  1 h r .
The p r e c i p i t a t e  t h a t  formed was removed by f i l t r a t i o n  and 
r e c r y s t a l l i z e d  from  a c e t o n i t r i l e  and e t h e r  t o  g iv e  0 .7  g 
(567c) o f  e t h y l  1*- ( 2 - c h l o r o - 3 - q u in o ly lm e th y l )  - 2 -h y d ro x y -3 1 - 
m e t h y l - 4 ' - p y r i d i n i u m  brom ide b u t y r a t e  (6 4 c) as  a  t a n  s o l i d ,  
mp 190-191°; i r  (Appendix A, F ig u re  17 ) ;  nmr (Appendix B, 
F ig u re  1 8 ) .
A n a l .  C alcd  f o r  C2()H24BrClN20 3 : C, 5 5 .0 7 ;  H, 5 .0 4 ;
N, 5 .8 4 .  Found: C, 5 5 .5 1 ;  H, 5 .0 9 ;  N, 5 .9 9 .
P r e p a r a t i o n  o f  E th y l  1 ' - ( 2 - I o d o - 3 - a u i n o l v l m e t h y l ) - 
2 ' - h y d r o x y - 3 ' - m e t h y l - 4 ' - p y r i d i n i u m  Bromide B u ty r a te  (6 4 c^) .
To 2 .0  g (0 .0057  mol) o f  2 - io d o -3 -b ro m o m e th y lq u in o l in e  (30) 
i n  10 ml o f  s u l f o l a n e  was added 1 .2 8  g (0 .0057  mol) o f  e t h y l
1 - h y d ro x y -1 - (3 * - m e t h y l - 4 ' - p y r i d y l )  b u t y r a t e  (4 1 ) .  The 
m ix tu re  was h e a te d  u n t i l  a  homogeneous s o l u t i o n  was o b ta in e d  
and th e  s o l u t i o n  was s t i r r e d  a t  room te m p e ra tu re  f o r  5 d a y s .  
E t h e r  was added and th e  s o l i d  was c o l l e c t e d  by f i l t r a t i o n .  
The s o l i d  was r e c r y s t a l l i z e d  from  a c e t o n i t r i l e  and e t h e r  t o  
g iv e  2 .0  g (61%) o f  e t h y l  1 ' - ( 2 - io d o - 3 - q u i n o l y l m e t h y l ) - 2 ' -  
h y d r o x y - 3 ' - m e t h y l - 4 ' - p y r i d i n i u m  brom ide b u t y r a t e  (6 4 c^ ) , mp 
1 6 6 -1 6 9 ° ; i r  (Appendix A, F ig u re  1 8 ) ;  nmr (Appendix B,
F ig u re  1 9 ) .
A n a l .  C alcd  f o r  C22H24BrIN20 3 : C, 4 6 .2 5 ;  H, 4 .2 3 ;
N, 4 .9 0 .  Found: C, 4 5 .9 6 ;  H, 4 .3 0 ;  N, 5 .1 4 .
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P h o t o l y s i s  o f  l - ( 2 -C h lo ro -3 - q u in o lv lm e th y l> 3 - m e th v l . -
73p y r id in iu m  Bromide (6 4 a ) .  A s o l u t i o n  o f  2 .0  g (0 .0057  
m ol) o f  l - ( 2 - c h l o r o - 3 - q u i n o l y l m e t h y l ) - 3 - m e t h y lp y r i d i n i u m  
(6 4 a) in  650 ml o f  w a te r  was p h o to ly z e d  f o r  24 h r  d u r in g  
w h ich  tim e th e  u l t r a v i o l e t  sp ec tru m  rem ained  c o n s t a n t .  
E v a p o ra t io n  o f  th e  m ix tu re  and c r y s t a l l i z a t i o n  o f  th e  r e s i ­
due gave o n ly  r e c o v e re d  l - ( 2 - c h l o r o - 3 - q u i n o l y l m e t h y l ) - 3 - m e t h y l -  
p y r id in iu m  brom ide (64a) w hich  was i d e n t i f i e d  by i n f r a r e d ,  
n u c l e a r  m a g n e t ic  re so n a n c e  and u l t r a v i o l e t  s p e c t r a  and 
m e l t i n g  p o i n t .
O th e r  r e a c t i o n s  u n d e r  s l i g h t l y  d i f f e r e n t  c o n d i t i o n s  
gave  e i t h e r  s t a r t i n g  m a t e r i a l  o r  q u in o lo n e  ( se e  T a b le  I V ) .
P h o t o l y s i s  o f  l - ( 2 - B r o m o -3 - q u in o lv lm e th y l ) -4 - m e th v l -
73p y r id in iu m  Bromide (64b) . Hydrogen brom ide g as  was 
b u b b led  th ro u g h  a  s o l u t i o n  o f  2 .0  g (0 .0 0 5 1  mol) o f  l - ( 2 -  
b ro m o -3 -q u in o ly lm e th y l ) -4 -m e th y lp y r id in iu m  bromide (64b) in  
100 ml o f  w a te r  u n t i l  th e  pH was 2 .  The s o l u t i o n  was th e n  
d i l u t e d  to  650 ml and p h o to ly z e d  f o r  26 h r .  A f t e r  th e  u s u a l  
w orkup, 766 mg (47%) o f  a  t a n  c r y s t a l l i n e  s o l i d ,  mp 2 5 2 -2 5 3 ° ,  
was o b t a i n e d .  The i n f r a r e d ,  n u c l e a r  m a g n e t ic  r e so n a n c e  and 
u l t r a v i o l e t  s p e c t r a  were a l l  i d e n t i c a l  w i t h  an a u t h e n t i c  
sam ple o f  1 - (2 -o x o - 3 -q u in o ly lm e th y l ) - 4 - m e th y lp y r id in iu m  
(6 5 b ) . A m ix tu re  m e l t in g  p o i n t  was n o t  d e p r e s s e d .
A n o th e r  r e a c t i o n  ru n  w i th  c h lo ro fo rm  and HCl as  
s o l v e n t  gave no r e a c t i o n  ( s e e  T a b le  I V ) .
A ttem p ted  P r e p a r a t i o n  o f  2 - ( 2 1- p y r i d y l ) - 3 - m e t h y l -  
q u i n o l i n e  ( 7 0 ) . To 1 .0  g (0 .0045  mol) o f  2 -b ro m o -3 -m e th y l-  
q u i n o l i n e  ( 2 7 ) , i n  25 ml o f  d r y  THF, s t i r r i n g  u n d e r  ^  a t  
-20° was added 3 .4  ml (0 .0 0 4 5  mol and 20% e x c e s s )  o f  1 .6  M 
n -B u L i.  A f t e r  0 .5  h r ,  0 .7 1  g (0 .0045  m ol) o f  2 -b ro m o p y r i-  
d in e  i n  30 ml o f  d ry  THF was added o v e r  a  10 min p e r i o d .
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The m ix tu re  was a l lo w e d  to  s t i r  a t  -10° f o r  10 m in , th e n  
f o r  5 min a f t e r  rem oval o f  th e  c o o l in g  b a t h .  H y d ro c h lo r ic  
a c id  (10%) and i c e  were added and th e  m ix tu re  was e x t r a c t e d  
w i th  e t h e r .  A s m a l l  amount o f  a  h y d r o c h lo r id e ,  mp 2 15°d , 
was o b ta in e d .  The n u c l e a r  m a g n e t ic  re so n a n c e  s p e c t r a  o f  
t h i s  s a l t  showed two m e th y l  s i g n a l s  as  w e l l  a s  o t h e r  e x -  
t  r a n e  ous s i g n a 1s .
The r e a c t i o n  was r e p e a t e d  u s in g  th e  same amounts and 
p ro c e d u re  e x c e p t  t h a t  th e  r e a c t i o n  m ix tu re  was p oured  o v e r  
th e  c ru sh e d  i c e  and 107, h y d r o c h lo r i c  a c id  b e f o re  e x t r a c t i o n  
w i th  e t h e r .  The aqueous s o l u t i o n  was b a s i f i e d  (K^CO^), and 
e x t r a c t e d  w i th  w a te r .  The e t h e r  e x t r a c t s  were d r i e d  (K^CO^) 
and c o n c e n t r a t e d  u n d e r  reduced  p r e s s u r e  to  g iv e  a  brown 
s e m i - s o l i d  th e  n u c l e a r  m a g n e t ic  re so n a n c e  s p e c t r a  o f w hich  
showed p re se n c e  o f  a l i p h a t i c  and a ro m a t ic  h y d ro g en s  a t  2 
and 7 ppm. I t  a p p e a re d  t h a t  a  b u t y l  g roup  may have been  
in c o r p o r a t e d  i n t o  th e  m o le c u le .
P r e p a r a t i o n  o f  2 - ( 4 1- p y r i d y l ) - 4 - q u i n o l i n i c  a c id  
( 7 2 ) .  To 4 .9  g (0 .0 3 3 4  mol) o f  i s a t i n  (22) was added 100 
ml o f  a  35% p o ta s s iu m  h y d ro x id e  s o l u t i o n .  To t h i s  p u r p le  
s o l u t i o n  was added 7 .4  g (0 .0 6 2  mol) o f  4 - a c e t y l p y r i d i n e  
(7 1 ) .  The m ix tu re  im m e d ia te ly  tu rn e d  brown and a  s o l i d  
fo rm ed . The m ix tu re  was h e a te d  u n d e r  r e f l u x  f o r  4 .5  h r  and 
a l lo w e d  to  s ta n d  a t  room te m p e ra tu re  f o r  15 h r .  At t h i s  
tim e a  brown s o l i d  had fo rm ed . The b a s i c  l a y e r  was d e c a n te d  
from th e  s o l i d  and was a c i d i f i e d  w i th  c o n c e n t r a t e d  h y d ro ­
c h l o r i c  a c id  b u t  n e i t h e r  p r o d u c t  n o r  i s a t i n  was o b ta in e d .
The brown s o l i d  was added t o  w a te r  and e t h e r ,  and th e  m ix­
t u r e  was a c i d i f i e d  w i th  h y d r o c h lo r i c  a c i d .  The y e l lo w - ta n  
s o l i d  w hich  rem ained  was c o l l e c t e d  by f i l t r a t i o n  and r e ­
c r y s t a l l i z e d  from  e t h a n o l  t o  g iv e  7 .5  g (90%) o f  2 - ( 4 ’ - 
p y r i d y l ) - 4 - q u i n o l i n i c  a c id  (72) a s  a  w h i te  s o l i d ,  mp 3 2 3 -3 2 5 ° ;
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i r  (Appendix A, F ig u re  2 2 ) ;  nmr (Appendix B, F ig u re  2 2 ) .
A n a l .  C alcd  f o r  c15H1oN2°2: C’ 7 1 ,9 9 5 H> 4 .0 3 ;  N,
1 1 .1 9 .  Found: C, 7 1 .7 2 ;  H, 3 .9 4 ;  N, 1 1 .2 6 .
P r e p a r a t i o n  o f  2 - ( 4 * - B y r i d y l ) - 3 - m e t h y l - 4 - q u i n o l i n i c  
A cid  ( 7 5 ) . To 5 .8  g (0 .0 3 9 4  mol) o f  i s a t i n  (22) was added 
100 ml o f  35% p o ta s s iu m  h y d ro x id e  s o l u t i o n .  To t h i s  p u r p le  
s o l u t i o n  was added 8 .0  g (0 .0 5 9  mol) o f  4 - p r o p io n y lp y r id in e  
( 7 4 ) .  The s o l u t i o n  im m e d ia te ly  tu rn e d  l i g h t  brown. The 
r e a c t i o n  was h e a te d  f o r  5 h r  and a l lo w e d  t o  s ta n d  a t  room 
te m p e ra tu re  o v e r n ig h t .  The s o l i d  t h a t  formed was removed 
by f i l t r a t i o n .  The c ru d e  s o l i d  was d i s s o l v e d  i n  w a te r ,  
and c o n c e n t r a t e d  h y d r o c h l o r i c  a c id  was added u n t i l  th e  
s o l u t i o n  was n e u t r a l  t o  l i t m u s . At th e  n e u t r a l  p o in t  a  
y e l l o w - ta n  s o l i d  p r e c i p i t a t e d  from s o l u t i o n .  The s o l i d  
was c o l l e c t e d  by f i l t r a t i o n  and was d r i e d  t o  g iv e  1 0 .1  g 
(97%) o f  2 - ( 4 * - p y r i d y l ) - 3 - m e t h y l - 4 - q u i n o l i n i c  a c id  ( 7 5 ) , 
mp 2 7 8 -2 8 0 ° ;  i r  (A ppendix A, F ig u re  2 3 ) ;  nmr (Appendix B, 
F ig u re  2 3 ) .
A n a l .  C alcd  f o r  C16H12N2 ° 2 ’ 3 H2 ° : C’ 7 1 ,0 9 ;  H’
4 .6 8 ;  N, 1 0 .3 7 .  Found: C, 7 1 .1 8 ;  H, 4 .9 6 ;  N, 9 .8 5 .
P r e p a r a t i o n  o f  2 - ( 4 1- P y r i d y l ) - 3 - m e t h y lq u i n o l i n e  
( 7 6 ) . To 3 .0  g (0 .0 1 1 3  mol) o f  2 - ( 4 ’ - p y r i d y l ) - 3 - m e t h y 1 -4 -  
q u i n o l i n i c  a c id  ( 75) was added 9 .0  g o f  p u r i f i e d  q u i n o l i n e  
and 0 .5  g o f  c o p p e r  pow der. The m ix tu re  was h e a te d  a t  235° 
f o r  7 .5  h r  and th e  d a r k  brown s o l u t i o n  was poured  i n t o  i s o ­
p r o p a n o l ,  t r e a t e d  w i th  N o r i t  A, and f i l t e r e d  th ro u g h  c e l i t e .  
The i s o p r o p a n o l  was c o n c e n t r a t e d  u n d e r  red u ced  p r e s s u r e  to  
g iv e  an o i l  w hich  was e l u t e d  from a  column o f  F l u o r i c i l  
w i th  h e x a n e .  When m ost o f  th e  q u i n o l i n e  had been  e l u t e d ,  
t h e  column was t r e a t e d  w i t h  e t h e r  t o  remove th e  r e m a in d e r  
o f  th e  q u i n o l i n e .  E l u t i o n  w i th  e t h a n o l  fo l lo w e d  by e v a p o r ­
a t i o n  o f  th e  e t h a n o l  gave 2 .6  g (80%) o f  2 - ( 4 * - p y r i d y l ) -3 -
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m e th y lq u in o l in e  (76) w h i te  c r y s t a l s ,  mp 116 -1 1 7 ° . R e c ry s ­
t a l l i z a t i o n  from  hexane gave w h i te  c r y s t a l s ,  mp 117-118°;  
i r  (A ppendix A, F ig u re  2 4 ) ;  nmr (Appendix B, F ig u re  2 4 ) .
A n a l .  C alcd  f o r  C^5H^2N2 ° : C> ^ * 7 9  J 5 .4 9 ;  N,
1 2 .7 2 .  Found: C, 8 1 .8 3 ;  H, 5 .4 0 ;  N, 1 2 .6 4 .
P r e p a r a t i o n  o f  2 - P ro p io n y lp y r id in e  ( 7 8 ) . A sm a l l  
amount o f  e t h e r  and 1 .5 - 2 .0  ml o f  a  1 :1  s o l u t i o n  o f  e t h y l  
brom ide was added to  a f l a m e - d r i e d ,  500 m l,  3 -n e c k ,  ro u n d -  
b o tto m  f l a s k  u n d e r  ^  and f i t t e d  w i t h  a  d ro p p in g  f u n n e l  and 
a r e f l u x  c o n d e n s e r  w i th  a  C a C ^  d ry in g  t u b e ,  c o n ta in in g  3 .5  
g (0 .1 2  m o l,  20% e x c e s s )  o f  Mg. A f t e r  th e  r e a c t i o n  had 
s t a r t e d ,  more e t h e r  was added t o  t h e  f l a s k .  The r e a c t i o n  
s t a r t e d  t o  r e f l u x  and th e  re m a in d e r  o f  t h e  e t h y l  brom ide 
s o l u t i o n  was added s lo w ly .  When th e  a d d i t i o n  was com ple ted  
th e  m ix tu re  was s t i r r e d  and h e a te d  w i th  warm w a te r  f o r  5 m in . 
A f t e r  t h e  G r ig n a rd  r e a g e n t  had fo rm ed , 1 0 .4  g ( 0 .1  mol) o f
2 - c y a n o p y r id in e  (77) in  e t h e r  was added s lo w ly .  On a d d i t i o n  
a  s t r o n g  e x o th e rm ic  r e a c t i o n  o c c u r re d  w hich  was c o n t r o l l e d  
by c o o l in g  th e  r e a c t i o n  f l a s k  i n  an  i c e  b a t h .  When th e  
a d d i t i o n  was co m p le te  t h e  m ix tu re  was s t i r r e d  f o r  0 .5  h r  
and 10% h y d r o c h lo r i c  a c id  was added . The r e d  s o l u t i o n  was 
b a s i f i e d  w i t h  K^CO^ and e x t r a c t e d  w i t h  e t h e r .  The e t h e r  
l a y e r  was d r i e d  o v e r  and c o n c e n t r a t e d  by e v a p o r a t io n
u n d e r  re d u c e d  p r e s s u r e  t o  g iv e  a  re d  o i l  w h ich  was d i s t i l ­
l e d  th ro u g h  a  4"  V ig reau x  column t o  g iv e  9 .1  g (67%) o f  2 -
p r o p io n y l p y r i d i n e  (78) a s  a  l i g h t  g re e n  l i q u i d ,  bp 8 6 -8 9 ° /13  
53mm ( l i t  bp 7 1 .8 - 7 2 .8 ° /5  mm). The i n f r a r e d  s p e c t r a  was 
c o n s i s t e n t  w i th  t h e  d e s i r e d  p r o d u c t  2 - p r o p i o n y l p y r id i n e  
( 7 8 ) .
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P r e p a r a t i o n  o f  2 - ( 2 * - P y r i d y l ) - 3 - m e t h y l q u i n o l i n i c  
a c id  ( 7 9 ) . To 2 .5 4  g (0 .0 1 7 3  m ol) o f  i s a t i n  (22) i n  50 ml 
o f  357o p o ta s s iu m  h y d ro x id e  s o l u t i o n  was added 3 .45  g (0 .026  
m ol) o f  2 - p r o p i o n y l p y r id i n e  ( 7 8 ) .  The m ix tu re  was h e a te d  
u n d e r  r e f l u x  f o r  5 h r  and c o o le d  t o  room te m p e ra tu re  and 
a l lo w e d  to  s ta n d  o v e r n i g h t .  A brown o i l  s e t t l e d  o u t ,  b u t  
c o u ld  be r e d i s s o l v e d  by a d d i t i o n  o f  w a te r  and s t i r r i n g .  A c id ­
i f i c a t i o n  o f  th e  m ix tu re  w i th  c o n c e n t r a t e d  HCl and c o o l in g  
t h e  s o l u t i o n  i n  an i c e  b a t h  a f f o r d e d  a  w h i te  p r e c i p i t a t e .
The s o l i d  was c o l l e c t e d  by f i l t r a t i o n  and r e c r y s t a l l i z e d  
from  e t h a n o l  t o  g iv e  3 .0  g (65%) o f  2 - ( 2 1- p y r i d y l ) - 3 - m e t h y l ­
q u i n o l i n i c  a c id  (79) a s  a  l i g h t  t a n  s o l i d ,  mp 2 6 6 -2 6 7 .5 ° ;  
i r  (Appendix A, F ig u re  2 5 ) ;  nmr (Appendix B, F ig u re  2 5 ) .
A n a l .  C a lcd  f o r  C1 ,H1oN_0 : C, 7 2 .7 2 ;  H, 4 .5 8 ;  N,lb  Z Z
1 0 .6 0 .  Found: C, 7 2 .3 6 ;  H, 4 .4 6 ;  N, 1 0 .6 4 .
P r e p a r a t i o n  o f  2 - ( 2 ' - P y r i d y l ) - 3 - m e t h y l q u i n o l i n e  ( 7 0 ) .  
To 1 .8  g (0 .0 0 6 8  m ol) o f  2 - ( 2 * - p y r i d y l ) - 3 - m e t h y l q u i n o l i n i c  
a c id  (79) was added 1 .0  g o f  co p p e r  powder and 10 ml o f  
q u i n o l i n e .  The m ix tu re  was h e a te d  a t  235° f o r  5 h r .  I s o ­
p ro p a n o l  and N o r i t  A were added to  th e  m ix tu re  w hich  was 
h e a te d  u n d e r  r e f l u x  f o r  10 min and f i l t e r e d  th ro u g h  c e l i t e .  
The f i l t r a t e  was d r i e d  (K^CO^) and c o n c e n t r a t e d  u n d e r  r e ­
duced  p r e s s u r e  t o  g iv e  an  o i l  t h a t  c o n ta in e d  a  sm a l l  amount 
o f  s o l i d .  T h is  o i l  was s team  d i s t i l l e d  t o  remove th e  q u in o ­
l i n e  from th e  p ro d u c t  and th e  aqueous s o l u t i o n  was th e n  f i l ­
t e r e d .  The lo n g  w h i te  n e e d le s  t h a t  p r e c i p i t a t e d  from  th e  
f i l t r a t e  w ere c o l l e c t e d  t o  g iv e  0 .6  g (40%) o f  2 - ( 2 * - p y r i d y l )
3 - m e th y lq u in o l in e  ( 7 0 ) ,  mp 7 6 -7 7 ° ;  i r  (Appendix A, F ig u re  26) 
nmr (A ppendix B, F ig u re  2 6 ) .
A n a l .  C alcd  f o r  : C, 8 1 .7 9 ;  H, 5 .4 9 ;  N,
1 2 .7 2 .  Found: C, 8 1 .4 5 ;  H, 5 .4 6 ;  N, 1 2 .5 8 .
88
P r e p a r a t i o n  o f  P i c o l i n i c  Acid N -ox ide  (83) . To
2 0 .0  g (0 .1 6 2  m ol) o f  p i c o l i n i c  a c id  (82) was added 200 ml 
o f  g l a c i a l  a c e t i c  a c id  and 17 .5  ml o f  30% hydrogen  p e r o x id e .  
The m ix tu re  was h e a te d  a t  70-80° f o r  3 h r ,  and 10 ml more 
o f  30% hydrogen  p e ro x id e  was ad d ed . The m ix tu re  was h e a te d  
f o r  an a d d i t i o n a l  19 h r .  The s o l u t i o n  was c o n c e n t r a t e d  u n d e r  
re d u c e d  p r e s s u r e  t o  a  volume o f  ab o u t  50 ml and w a te r  was 
ad d ed .  The m ix tu re  was made b a s i c  w i t h  to  pH = 10
and e x t r a c t e d  w i t h  m e th y le n e  c h l o r i d e .  The o r g a n ic  e x t r a c t s  
w ere  d r i e d  (I^CO^) and c o n c e n t r a t e d  u n d e r  red u ced  p r e s s u r e  
go g iv e  1 9 .1  g (85%) o f  p i c o l i n i c  a c id  N -ox ide  ( 8 3 ) ,  mp 161.5- 
163 .5° ( l i t 54 mp 1 6 2 .5 ° ) .
A ttem p ted  P r e p a r a t i o n  o f  6 - C h l o r o - p i c o l i n i c  Acid
( 8 4 ) .  To 10 ml o f  i c e - c o l d  POCl^ was added 2 .0  g (0 .0145  
m ol) o f  p i c o l i n i c  a c id  N -ox ide  ( 8 3 ) . The m ix tu re  was 
h e a te d  u n d e r  r e f l u x  i n  an o i l  b a th  f o r  0 .5  h r ,  c o o le d ,  and 
d i l u t e d  w i t h  e t h e r .  The e t h e r  e x t r a c t s  were d r i e d  (I^CO^) 
and c o n c e n t r a t e d  u n d e r  red u ced  p r e s s u r e ,  b u t  no r e s i d u e  was 
l e f t .
S e v e r a l  o t h e r  a t t e m p ts  t o  p r e p a re  6 - c h l o r o - p i c o l i n i c  
a c i d  (84) u s in g  POClg and PCl^ a l s o  f a i l e d  to  g iv e  p r o d u c t .
A ttem p ted  P r e p a r a t i o n  o f  M ethyl 6 - C h l o r o - p i c o l i n a t e
( 8 5 ) .  To 1 .0  g (0 .0 0 7 2  mol) o f  p i c o l i n i c  a c id  N -ox ide  (83) 
was added 10 ml o f  POCl^. The m ix tu re  was h e a te d  a t  105° f o r
0 .5  h r ,  and 3 ml o f  PCl^ was ad d ed . The m ix tu re  was co n cen ­
t r a t e d  t o  a b o u t  0 .5  th e  volume u n d e r  re d u c e d  p r e s s u r e ,  and 
th e  r e s i d u e  was s lo w ly  added t o  m e th a n o l .  W ater was added
t o  th e  m ix tu r e ,  and th e  s o l u t i o n  was made b a s i c  w i t h  
and e x t r a c t e d  w i t h  e t h e r .  The e t h e r  e x t r a c t s  were d r i e d  
(l^COg) and c o n c e n t r a t e d  u n d e r  red u c e d  p r e s s u r e  t o  g iv e  a 
re d -b ro w n  o i l .  D i s t i l l a t i o n  o f  t h i s  o i l  gave one main 
f r a c t i o n ,  bp 83-93° a t  15 mm. The n u c l e a r  m a g n e t ic  re so n a n c e
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s p e c t r a  o f  t h i s  l i q u i d  showed o n ly  one d o u b l e t .  T h is  m a t e r i a l  
was i d e n t i f i e d  as  th e  m e th y l  e s t e r  o f  p h o s p h o r ic  a c i d ,  li t"*^  
bp 197° a t  760 mm.
P r e p a r a t i o n  o f  2 -C y a n o p y r id in e  N -o x id e  ( 8 7 ) . To
5 2 .0  g (0 .5  mol) o f  p i c o l i n o n i t r i l e  (86) was added 200 ml o f  
g l a c i a l  a c e t i c  a c id  and 50 ml o f  30% hydrogen  p e r o x id e .  The 
m ix tu re  was h e a te d  a t  90° in  an o i l  b a t h  f o r  3 h r  and 25 ml 
more o f  30%. hydrogen  p e ro x id e  was added . H e a t in g  was co n ­
t i n u e d  f o r  17 more h r .  W ater was added and th e  m ix tu re  was 
c o n c e n t r a t e d  u n d e r  re d u c e d  p r e s s u r e .  T h is  p ro c e d u re  was 
r e p e a t e d  and th e  s m a l l  volume o f  s o l u t i o n  was b a s i f i e d  w i th  
and e x t r a c t e d  s e v e r a l  t im e s  w i th  CHCl^. The CHCl^ 
e x t r a c t s  were d r i e d  (^ C O ^ )  and c o n c e n t r a t e d  u n d e r  red u ced  
p r e s s u r e  to  g iv e  5 9 .2  g (99%) o f  2 - c y a n o p y r id in e  N -ox ide  
( 8 7 ) ,  mp 116-118° ( l i t 70 mp 1 1 6 -1 1 8 ) .
P r e p a r a t i o n  o f  6 - C h lo ro - 2 - c y a n o p y r id in e  ( 8 8 ) .  To 
100 ml o f  POClg was added 2 0 .0  g (0 .1 6 8  m ol) o f  2 - c y a n o p y r i ­
d i n e  N -ox ide  (87) and th e  m ix tu re  was h e a te d  u n d e r  r e f l u x  
f o r  0 .5  h r  and c o o le d  t o  room t e m p e r a tu r e .  The s o l u t i o n  was 
c o n c e n t r a t e d  by d i s t i l l a t i o n  u n d e r  red u ced  p r e s s u r e  and th e  
r e s i d u e  was p oured  o v e r  c ru sh e d  i c e .  The s o l u t i o n  was b a s i ­
f i e d  w i th  and e x t r a c t e d  w i t h  CHCl^. The combined CHCl^
e x t r a c t s  w ere t r e a t e d  w i t h  N o r i t  A, d r i e d  (K^CO^) and con ­
c e n t r a t e d  u n d e r  re d u c e d  p r e s s u r e  t o  g iv e  18 .7  g (83%) o f  6- 
c h lo r o - 2 - c y a n o p y r id in e  (88) a s  a  low m e l t in g  s o l i d .  Re­
c r y s t a l l i z a t i o n  gave 6 - c h lo r o - 2 - c y a n o p y r id in e  (88) a s  w h i te  
c r y s t a l s ,  mp 80-83° ( l i t " * 7 mp 8 6 - 8 8 ° ) .
P r e p a r a t i o n  o f  6 - C h l o r o - 2 - p r o p io n y lp y r id in e  ( 8 9 ) .
To 2 .1 1  g (0 .0 7 9  mol and 20% e x c e s s )  o f  Mg was added 8 .6  g 
(0 .0 7 9  mol) o f  e t h y l  b ro m id e .  A f t e r  f o rm a t io n  o f  th e  
G r ig n a rd  r e a g e n t  was c o m p le te ,  1 0 .0  g (0 .0 7 2 5  mol) o f  6- 
c h l o r o p i c o l i n o n i t r i l e  (88) was added d ro p w is e .  A f t e r  th e
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a d d i t i o n  was c o m p le te ,  t h e  m ix tu re  was s t i r r e d  f o r  1 .5  h r ,  
and 200 ml o f  107. HC1 was added d ro p w ise  w i t h  s t i r r i n g .  The 
m ix tu re  was th e n  f i l t e r e d ,  and th e  f i l t r a t e  was made b a s i c  
w i t h  K^CO^. E x t r a c t i o n  o f  th e  s o l u t i o n  w i t h  e t h e r ,  d r y in g  
o f  t h e  e t h e r a l  e x t r a c t s  (I^CO^) , and c o n c e n t r a t i o n  o f  th e  
s o l u t i o n  u n d e r  red u c e d  p r e s s u r e  gave 12 .7  g (95%) o f  c ru d e  
r e d  o i l .  D i s t i l l a t i o n  o f  t h i s  o i l  gave 8 .8  g (66%) o f  6- 
c h l o r o - 2 - p r o p i o n y l p y r i d i n e  (89) a s  a  y e l lo w  l i q u i d ,  bp 118- 
1 26° /1 8  mm; i r  (A ppendix A, F ig u re  2 7 ) ;  nmr (Appendix B,
F ig u re  2 7 ) .
P r e p a r a t i o n  o f  2 - ( 2 1- 6 1- C h lo r o p y r id y l ) - 3 - m e th y l -  
q u i n o l i n i c  Acid ( 9 0 ) . To 6 .6  g (0 .0 4 5  m ol) o f  i s a t i n  (22) 
i n  100 ml o f  35% KOH s o l u t i o n  was added 8 .3  g (0 .0 4 5  m ol) o f  
6 - c h l o r o - 2 - p r o p i o n y l p y r i d i n e  (89) .  The m ix tu re  was h e a te d  
u n d e r  r e f l u x  f o r  2 .5  h r  and c o o le d  t o  room te m p e r a tu r e .
More w a te r  was ad d ed , and th e  m ix tu re  was made a c i d i c  w i th  
c o n c e n t r a t e d  HC1. The s o l i d  t h a t  p r e c i p i t a t e d  was c o l l e c t e d  
by f i l t r a t i o n  t o  g i v e ,  a f t e r  d r y in g ,  11 .9  g (89%) o f  2 - ( 2 ' - 6 ' -  
c h l o r o p y r i d y l ) - 3 - m e t h y l q u i n o l i n i c  a c id  ( 9 0 ) ,  mp 2 4 5 -2 4 7 ° ;  
i r  (Appendix A, F ig u re  2 8 ) ;  nmr (Appendix B, F ig u re  2 8 ) .
A n a l .  C alcd  f o r  CU H N 0 C l ;  C, 6 4 .3 2 ;  H, 3 .7 1 ;
l b  1 1  z  z
N, 9 .3 9 .  Found: C, 6 4 .6 4 ;  H, 3 .5 6 ;  N, 9 .0 9 .
P r e p a r a t i o n  o f  4 -B ro m o -N -b en zy lp y rid in iu m  Bromide 
(9 4 ) .  4 -B ro m o p y rid in e  h y d r o c h lo r id e  was d i s s o l v e d  i n  w a te r ,  
b a s i f i e d  w i th  NaHCO^, and e x t r a c t e d  w i th  e t h e r ,  and t h e  e t h e r  
l a y e r  was d r e i d  (^ C O ^ )  and c o n c e n t r a t e d  u n d e r  red u c e d  p r e s ­
s u r e .  To t h i s  c o n c e n t r a t e d  e t h e r a l  s o l u t i o n  was added b e n z y l  
b ro m id e . The m ix tu re  was s t i r r e d  a t  room te m p e ra tu re  f o r  
24 h r  t o  g iv e  4 -b ro m o -N -b e n z y lp y r id in iu m  brom ide ( 94) a s  a 
y e l lo w  s o l i d .  R e c r y s t a l l i z a t i o n  o f  th e  s o l i d  from  a c e t o -  
n i t r i l e - e t h y l  a c e t a t e  gave 4 -b ro m o -N -b e n z y lp y r id in iu m  brom ide 
(94) a s  y e l lo w  c r y s t a l s ,  mp 200-205° ( l i t ^ ^  mp 2 0 5 -2 0 9 ° ) .
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P r e p a r a t i o n  o f  3 -M e th y l-2 -q u in o lo n e  (2 5 ) .  To 221 
mg (0 .0 8 1 8  mmol) o f  2 - io d o - 3 - m e th y lq u in o l in e  (28) was added 
3 ml o f  d r y  DMSO and 5 d ro p s  o f  c o n c e n t r a t e d  h y d r o c h lo r i c  
a c i d .  The m ix tu re  was h e a te d  a t  100° f o r  24 h r ,  c o o le d ,  
d i l u t e d  w i t h  w a t e r ,  and th e  m ix tu re  was f i l t e r e d .  The i n ­
s o l u b l e  s o l i d  was 30 mg o f  3 -m e th y 1 -2 -q u in o lo n e  ( 2 5 ) . The 
f i l t r a t e  was e x t r a c t e d  w i th  e t h e r  and th e  e t h e r  e x t r a c t s  
w ere  washed w i th  aqueous NaHSO^, d r i e d  (I^CO^) and co n cen ­
t r a t e d  t o  g iv e  70 mg o f  3 -m e th y 1 -2 -q u in o lo n e  (25) a s  a 
w h i t e  s o l i d ,  mp 237-240° ( l i t ^  mp 2 37-239°)  f o r  a  t o t a l  
y i e l d  o f  91%.
The r e a c t i o n  o f  26 and 27. was ru n  a s  a b o v e ; how ever, 
sodium  io d id e  was ad d ed .  These  r e a c t i o n s  gave 25 i n  92 and 
82% y i e l d s ,  r e s p e c t i v e l y  ( se e  c o n d i t i o n s  i n  T a b le  V).
P r e p a r a t i o n  o f  N -B e n z y l-2 -p y r id o n e  ( 9 3 ) .  To 3 .6  g 
(0 .0 1 1  mol) o f  N -b e n z y l-2 -b ro m o p y r id in iu m  brom ide (60) was 
added N al and 20 ml o f  DMSO. The m ix tu re  was h e a te d  a t  100° 
f o r  1 .5  h r .  D uring  th e  r e a c t i o n  th e  m ix tu re  was m o n ito re d  
by u l t r a v i o l e t  a b s o r p t i o n .  A f t e r  c o o l in g ,  w a te r ,  e t h e r  and 
s o l i d  NaHSOg were ad d ed .  The aqueous l a y e r  was e x t r a c t e d  
s e v e r a l  t im e s  w i th  e t h e r ,  and t h e  combined e t h e r  e x t r a c t s  
w ere  d r i e d  (I^CO^) and c o n c e n t r a t e d  u n d e r  re d u c e d  p r e s s u r e  
t o  g iv e  2 .0 3  g (100%) o f  N -b e n z y l -2 -p y r id o n e  (93) a s  a  
c ru d e  o i l .  Column ch ro m ato g rap h y  on s i l i c a  g e l  o f  th e  o i l  
g ave  1 .32  g (65%) o f  N -b e n z y l -2 -p y r id o n e  (93) as  w h ite  
c r y s t a l s ,  mp 6 0 -6 8 ° .  R e c r y s t a l l i z a t i o n  o f  th e  s o l i d  from  
e th e r - h e x a n e  gave N -b e n z y l -2 -p y r id o n e  (93) a s  w h i te  n e e d l e s ,
( \ 9 6?
mp 63-65° ( l i t  mp 7 1 . 8 - 7 2 . 8 ° ) ;  p i c r a t e  mp 130-131 .5°  ( l i t  
mp 1 2 9 .5 - 1 3 0 .5 ° ) .
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P r e p a r a t i o n  o f  N -B e n z y l-3 ,5 -d ib ro m o -4 -p y r id o n e  ( 9 5 ) .  
To 2 .0  g (0 .0 0 6  mol) o f  4 -b ro m o -N -b e n z y lp y r id in iu m  bromide 
( 94) was added 10 ml o f  DMSO. T h is  m ix tu re  was h e a te d  f o r
2 .2 5  h r  a t  100° i n  an o i l  b a th .  The r e a c t i o n  was m o n ito re d  
by u l t r a v i o l e t  a b s o r p t i o n .  W ater was added c a u s in g  th e  l o s s  
o f  th e  y e l lo w  c o l o r  o f  th e  s o l u t i o n ,  and a  w h i te  s o l i d  p r e ­
c i p i t a t e d  from  th e  s o l u t i o n .  The s o l i d  was c o l l e c t e d  by 
f i l t r a t i o n  t o  g iv e  0 .4  g (207,) o f  N-benzy 1 - 3 ,5 -d ib ro m o -4 -  
p y r id o n e  ( 9 5 ) ,  mp 173-178° . R e c r y s t a l l i z a t i o n  o f  th e  s o l i d  
from  HOAc'H^O-ethanol (1 :1 )  gave N -b e n z y l -3 ,5 -d ib ro m o -4 -  
p y r id o n e  (95) a s  w h i te  n e e d l e s ,  mp 196-199° ( l i t ^  mp 184- 
1 8 6 ° ) .  A n o th e r  0 .2 4  g (127.) was o b ta in e d  from  th e  f i l t r a t e  
by e x t r a c t i o n  w i th  e t h e r  t o  g iv e  a  w h i te  s o l i d ,  mp 188-193° , 
a  t o t a l  y i e l d  o f  N -b e n z y l -3 ,5 -d ib ro m o -4 -p y r id o n e  (95) was
0 .6 4  g (327,).
A ttem p ted  P r e p a r a t i o n  o f  M ethyl 3 -B ro m o -2 -n ap h th o a te  
( 9 7 ) . To 2 6 .2  g (0 .1  mol) o f  t r i p h e n y lp h o s p h in e  i n  ab o u t 
100 ml o f  a c e t o n i t r i l e  was added brom ine d ro p w ise  u n t i l  t h e  
s o l u t i o n  was a  y e l lo w  c o l o r .  The a c e t o n i t r i l e  was e v a p o ra te d  
u n d e r  re d u c e d  p r e s s u r e  t o  g iv e  a  y e l lo w  s o l i d ,  t r i p h e n y l ­
p h o sp h in e  d ib ro m id e .  To t h i s  was added 16 .2  g (0 .0 8  mol) o f  
m e th y l  3 - h y d ro x y -2 -n a p h th o a te  ( 9 6 ) . The m ix tu re  was h e a te d  
o v e r n i g h t ,  d i s s o l v e d  i n  e t h a n o l ,  t r e a t e d  w i t h  N o r i t  A and 
c o n c e n t r a t e d  by e v a p o r a t io n  u n d e r  red u ced  p r e s s u r e  t o  g iv e  
a  b la c k  t a r .  A ttem pted  b a s i f i c a t i o n  and e x t r a c t i o n  w i th  
m e th y len e  c h l o r i d e  gave an i n s e p a r a b l e  b la c k  e m u ls io n .
A ttem p ted  P r e p a r a t i o n  o f  M ethyl 3 -B ro m o -2 -n ap h th o a te
( 9 7 ) . To 5 .5  g (0 .0 1 4 8  m ol) o f  t r i  n - o c ty lp h o s p h in e  i n  
a c e t o n i t r i l e  was added brom ine d ro p w ise  u n t i l  t h e  s o l u t i o n  
rem ained  y e l lo w .  The a c e t o n i t r i l e  s o l u t i o n  was c o n c e n t r a t e d  
u n d e r  red u c e d  p r e s s u r e  t o  a f f o r d  a  y e l lo w  s o l i d ,  t r i  n -  
o c ty lp h o s p h in e  d ibrom ide ,.  To t h i s  s o l i d  was added 3 .0  g
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(0 .0 1 4 8  mol) o f  m e th y l -3 - h y d r o x y -2 - n a p h th o a te  ( 9 6 ) .  The 
m ix tu re  was h e a te d  u n d e r  r e f l u x  w i th  s t i r r i n g  f o r  3 h r .
The r e a c t i o n  m ix tu re  was p oured  i n t o  low b o i l i n g  p e t ro le u m  
e t h e r ,  and th e  b l a c k  l a y e r  was e x t r a c t e d  s e v e r a l  t im e s  w i th  
p e t ro le u m  e t h e r .  The y e l lo w  o r g a n ic  s o l u t i o n  was d r i e d  
(l^COg) and c o n c e n t r a t e d  t o  g iv e  a  y e l lo w  o i l  w h ich  showed 
an i n f r a r e d  s p e c t r a  i d e n t i c a l  w i th  t h a t  o f  th e  s t a r t i n g  
m a t e r i a l  m e th y l -3 - h y d r o x y -2 - n a p h th o a te  ( 9 6 ) .
P r e p a r a t i o n  o f  3 -H y d ro x v -2 -h v d ro x y m e th v ln a p h th a le n e
( 9 8 ) .  To 2 .0  g (0 .0 5  m ol) o f  LAH i n  e t h e r  was added d ro p -  
w i s e ,  1 0 .0  g (0 .0 4 9  m ol) o f  th e  e s t e r  m e th y l-3 -h y d ro x y -2 -  
n a p h th o a te  (96) i n  e t h e r .  The m ix tu re  u n d e r  ^  was h e a te d  
u n d e r  r e f l u x  f o r  24 h r .  To th e  m ix tu re  was th e n  added 2 ml 
o f  w a t e r ,  2 ml o f  15% sodium h y d ro x id e  and 6 ml o f  w a te r .
The m ix tu re  was f i l t e r e d ,  and th e  f i l t r a t e  was d r i e d  
(Na2S0^ )  and c o n c e n t r a t e d  to  g iv e  a  brown s o l i d  w hich  
m e l te d  above 3 2 0 ° .  T h is  s o l i d  gave a  r e s i d u e  on co m b u stio n  
and t h e r e f o r e  c o n ta in e d  some in o r g a n ic  m a t e r i a l .  W ater and 
c o n c e n t r a t e d  h y d r o c h lo r i c  a c id  was added t o  th e  f i l t r a t e  and 
th e  t a n  s o l i d  w h ich  p r e c i p i t a t e d  was c o l l e c t e d  by f i l t r a t i o n .  
C o n tin u o u s  e x t r a c t i o n  o f  t h i s  s o l i d  w i th  e t h e r  a f f o r d e d ,  
a f t e r  e v a p o r a t i o n ,  1 .4  g (81%) o f  3 -h y d ro x y -2 -h y d ro x y m e th y 1- 
n a p h th a le n e  (98) . mp 1 8 2 -1 8 5 ° ,  ( l i t ^  mp 1 8 8 -1 8 9 ° ) .
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APPENDIX B
NUCLEAR MAGNETIC RESONANCE SPECTRA
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